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^z-f^/--^m±'C(r>Q 1 c NA c <7)UD P - Ct 1 c N A c ^>.#.+::^ a > jt • 
'-^<r)^ff^BM^^^MMk'A- G I c N A c > 7 V .c ; ^- fb^^f-^ 

-Ir 7" - tlM±-e<7? 'W^/ n > m<7> U D .P - ^ ;v n y m:^'- h G I c N A c 
?J<^'-^(7:)f^-f J- ^ Bii^-r ^ .^'^ ^i-- n > .> y .x 7 ^ y - 4f ; -O^ tc 

[00153 

a ) P A p S ■^'fMrf'!t> t-zib<^fSii:^. ; is J: 

b ) N - iTtief b-^M ^ fi^ ^.r ^ (■-- .'W y :r. - h CO P A P S vO^ 1^ ^ rs' 9 > -f- 



(20) #5^2 002 5 3008 

tl^feV^T. P AP S^3)&-r:h:^ibcnmi^^i±-. P A P S-;-'l'^5' Jl/<£-^tro 
[0016] 

-if iMM^-t^. ^J^^i^^-tD loJy.JlCD^^^l^^'^:/m^:K^'^x^;>'it^«-^$&t- 
0 - -X ;P * h 9 > X -7 J. ^ - -^f i: !■:: JtM $ tt. 'Nys-^ ^^Atft =^r )1^-.5!c 

[0017] 

K - ^ T .^^^ 4i ■7' ^ - ^^-N^fi^l- i> CI ^ tC i -J -C^-®<30 ti 

[ 0 0 1 s ] . ' 

A r a = '^y 

F r u = 7.'l' ^' I- v.'V- ; 

F u c =y^~ily}V ; 

G a 1 = \- ->Jl' ; 

G a 1 N A c = N - T -t 7f Y 5 r. ; 

G 1 c = U -> ;v ; 



. . (2 a) 2002 5 00087 

G 1 c NA c =N-7-t.r'3'-;V;i^';i'ni-if < ; 
M a n = -7 > y ->-;v ; i5 J: z>' 

h] e u A c = -yr ') (B-T-t-f-JUJ -f v --Jt^) o 
[ 0 0 1 .9 ] 

^t3<ft^Jl-^f*^ -^/'Ji-Mti^ 5 -N-r-tr-^-Juy .'f >? (N e u A c ) t 

7^:}± 5 -N-^'"'; ^7 'J Jl- / 7 < >it (NeuGc) -e^^.^ flbcovr 

L"C^ Scliauer^Methods in Enzymology 
. 5 0 : 6 4 - S 9 ( 1 9: 8 7 ) . ^ i S c. h a u r . Advances i 
n Carbohydrate Chemistry and Biochem 

1 s c r y ^ 4 0 : i 3 i - 2 3 4 ^#M<7) ^ t » 

[0 0 2 0] 

KM-ejfe /!> c .r i ^ 7^ Yfr-f*/ft ? rcM (±— ^ 9 •->' > is J; 0- T / > 

2 U >'■i?^ '5:t)a«{Cv-f-->'> 1 t; K2 U /i}±l 'j >'"®Z)-^ 

L T s # <D ?m4-f b § *t ^ V -f- y * ffi # ^ o 
• [0 0 2. 1 1 

Gal) <r)m-f^^%i:. * fiW&I^J-. ?l %Wi% f ') =t ^^-'^ (<ttfzl±,?) , 3^ 
. ^-a-v ^S-6-^cP^i^-r>:.MvLM-M«|^. >^J/^-i:'>l-JijM (-rilx-ti:',- G I c NA c ) 

2-3, ^Tlrfi (2, 3) ) ^^^R^ti^i^^o -ei"! W<7:>^c®{i, k:-:/./-;^t7t 
9 y x"e^^o. 

[ 0 0 2 2 J 



(22) Hf-nZOOZ 5 30 087 

^ook^)^MoIecuLar Cloning: A Laboratory 
Manual (^2RS), 1- 3 Cold Spring Harbor 
Laboratory -Cold Spring HarborxNew Y 

o r k, 19 8 9\z_m}\\^nn^^c i^Dv^.-.T ^mM^^p rs a 

mb r o 0 k ibJ tmR-t^o 
{0 0 2 3] 

L--.^ ^r- K# W - f 7c {± 'J .-i^ l/:t K *" U v >- , -fUit^iliS^ ? tt'S^v^ |?1 

^ . ^m^^^.-r^ % ^ L-- -J- K i:«co.#T^;-e.4$Et t ^^--f W .^"-f X-r i) ^-^-li 

[0 0 2 4] 
[ 0 0 2 5] 

fr- . ttzlt ^.ft't^' W. i-^ XoXtJ- y § >5> 7-' f- F t tI: > M" ^ ^^'^ ^ 

X cm^^M^ I'-- J: o tL-l-> 4j =t f'T o 
[ 0 0 2 6] 

y 9 > b i±-pr)>mM V 'y 9- y \ co ^ o TiJt^JjJc ^ H ro: ) .^^-ft ^ ^ ^ 



C23) f*.?i2 00 2 5 3 0 OS 7 

. [0.0 2 7] 

|htt.-e^ ^ ii^x^m ^ it =f -> Jl-- > f7 > 7 ,c y - ^ tfo M-ffiffiM 

^1^12. D N.A y7'!r:^ > h i h 

[ 0 0 2 8] 

v^piCr!l<7>-$|5^ l3-t/^iE t fz T < J ^(^ffi-y'J Tn 9 o 
[ 0 0 2 9] 

r^n|^.x.#3S*4i J? >,J. ifsifij^^r r^ia.ir -t:j? hj fis C<75J: 

ffj 1 l^.lE^ $ ^tJ r-*, o -^Mii -t >■ h . < i: =fc '7 

■a^-.^-^J;0^-ftEl'::a> fe:^»itv ^'■.>-;i'-^1^t^o '^^6^1-^1. M;i5i^iJi , 

^ fz . •f&iM.fla t- > 'Z) -.^-flk:^^ t§|pj -f ^ ^- -) • > E^^iJ ^ - 

[0 0 3 0 ] 

7(c||?g <D riUi-A-i^-" 11 =r -> ;v > i7 > X 7 . d ^ - -c u y--f- KJ > U -> ;v 
K 9 y :a 7 7 - -if fjikS :■' -1 > «io i cKT i^-t^v-m-'M ( /t a' c m p - n 



(24) 1^.352 00 2 5 30 08 

e u 5Ac v':^-lr^'--lf*7t}iUDP-^^Jl'--^4' e 7 - -If (galE 

s V>}-^F C^llxLJi', CMP-Ne u Ac ^fzitUDP-G a I ) <0^^ 

:3 -> ;u s t7 > X 7 J. 7 -^t *3 J; a^it^- > ® <7>aifc FX :^ , 6>-f£ <h% 
[0 0 3 1] 

V > .7; "7 ^ ^/ - -t? ic J: o Ki- -f|55^i: t xm i-^ ^ ^ V :^ K.^coB^ 

[ 0 0 3 2] 

TB^.^K^'i'^J m-tS^t- oT^Jfe^ tL^^S fill RjS^BifeM-r^ cot-:: 
T o f^ilx: if-. r iJ .'V s ^ X 7 J. ^ -^r (7) Siiig F.;^ ^ :^ 

^> ^ T ^ y 'mm. ^ is-'js^^^ o 

[ 0 0 3 3] 



(25) n3<2 002 5 30087 

< t 9 0 %. LT$? f L- < Ji, ^>7i < t 9 5 %M5^^T" 

< ^-fe tr. ^ K J: -> ? it^ o . #3Ee<^-' b W L- |iy t "C > M jfm^cfj'^'Z^ 

[0 0 3 4] 

2 h.^^"(t?!iB5nj i fz m< 'J -^ly^^ Kf^S-yilt^F^ ffwi— >£j S -rz \± 

- -i.t y b [n a . \^^.T<r> 'm^\ r ^ u x is co i o =^ .ly X m s $ ti 

[0 0 3 5] 

:RAc^Ml&{cr^bT-ttt5;^-o^fil ?tL.:i,:^'^, {l.-^- < t % 6 0 %x jtf * L- < 
8 0 m^^-^t L<{± 90-95% 55^^ Vr^-,?- KR— ffht 7t fi T a > It^^^ 

t < \t{i?-^j: < t vb.fj 1 0 om^'^^Mi^^fz , t-rift'fcftf * t < ii> cicT^se 
. ti ^ '^i-^^^ < t <>lu 1 5 0 M- ic b o T:^® frt) N— -e^ So « ftt ^ L % 

imMi-^'^^^x. mna. Ymmo:>-^Ak-<r)^^ichtz':>xmn<^i-w\-x-ik> 

[ 0 0 3 6] 

j^eiLli?i|/6ltb42? o Bi!?') .tfc#£ r ;u nf i; x a ^ w '/^ a m-^. ^JaOLi^^J .13 J: a-^wi 

ge^Tj tiyv:^- ^ -\z xjj $ . '£^^4' 1^ f^" , ■m'&m^i &mi}^'mf ? n- , ^ 



(2G) •f*5<200 2 530 08 

[0 0 3 7] 

j:t^orci6coMB5^^0'p^^co^?!j(i, mix.fi'-. Smi c hi^XV^Wa t e r m a 
n.Adv.Appl.Math. 2:482 ( 1 9 81) ^SMI^ttT Jl- ^J' 
'J X i 'J "C N e e d I e m a n is J: tfW unsch. J - Mol - Bi 
ol. 48:443 (19 70) «DfflI^-l4^^Jr JV iTV X A J: o TsS"^. Pea 
rson:aJ:C^Lipman, Proc. Nat'l. Acad. Sci.US 
A 8 3 : 2 ■•1 4 '1 ( 1 9 8 8) J: o *L <?> T =f 

U X2^co:^ ^t:;'.— ^' — -fbLTt^SliT (Wisconsin Genetics 
Software Package. Genetics Computer G 
roup, 5 7 5 Science Dr.,. Madison, WI6DG A P, 
BESTFIT, FASTA. i i>'T F A S T A) ^l^t'^T^N tfzUWE^ 
•jii (Current Protocols in Molecular Bio 
1 0 g y ^ F . M. A u 3 Li b e 1 ^ ^ i|ln\ C u r r e n t P r o t o c o 1 
Greene Publishing Associates, Inc. t 
John Wiley&Sos, I n c . tooffd<?5i$'nTr60'-?:^-^-^'- (1 9 9 5 

WM) (A u s u b e 1 ) i^HtFt-#R?.<?>^ i) i cT-tf fo^Uf-^o 
[ 0 0 3 8 ] 

/■s- - > ]- ciii^rij \ui - mi x c^w.m± * r- m^^i-^x r ;v r^- v x Is (Dm it 

. BLAST;' tl i; X A ii X V^'B LAST 2.07' > ij X A I9 > 
^(±. Altschul^(1990), J.MoI. Biol. 215:40 
3-4 1 0 ( 1 9 9 0 ) .to i A 1 r. s c h u e 1 e> ( 1 9 7 7 ) N u c 1 e i 
c Acid Res. 2 5 13 3 89 - 3 402 i'.^ K^'il^[].m^ fl-^ . B L 
A S Tyj-'fv^'-^ff'f'^ iz^iDy 7 .cTIi-. N a t i o n a 1 Center 
for Biotechnology Information ( HYPERLINK 
http://v.v«M.ncb1 .nlm.mh.gov/) h t t p- : //wv/^v/. n c b i . n 1 m. 

n i h. go v/) ^;mDT^n<j^~x^MragT:^*^o ^coz-jwu-v^XAii, figi-^ 

-B^;b-^6DSLl5'ijtt'CO:S:? WfiOfe'''^ V - K (word) =1: N fei" ^ ^ i: J: o "C , t 
TRX=rT U ViJ^FEiHJit (HSP) =g:|wjrEl-SC: t=gr-^.^^> ^-lUi^ r-'/--^- 
X(^m^(^W-'^¥z^(ny- K t^ril ?tL-^v::^ft% v> < o 00 fit X m TT 



C27) f^.?<2 00 2 5 30 08 7 

t'.-^ion.4^ (A 1 t s ch u 1 mFtt5).o >! -tl f><7:'%T3MlW7 - K hit. 

WJ r s o ^'.^^ 7 - 1> t h W-MMm T^^r fl^j^iia ^ is ly , ^^<o li-^ij 
rz-f^-u {—m.-^Z-> nM<Dl^i Ml X r:? T ; Urt.- > O ) *3 J: CJ^N , C^- 

^ ; t tz '.t v>-f n ^> <^ iefij E ? t^. ^ o B L A S T r ji- :=C A v ..-< 

-w> T. *o J; X {i . mn<om^^ii x tr-mi^^^ik^^z^ o b l a s t n ■t' 

u-yy-/. (i^^ u-y-f- y^ni'^"^^'^) (i:v 11 (W) . 1 0(DWM 

•fit (E) , M=5, N=4. *3J:TO«ficDj:h^^7='>'.-t;Vf i: LTffl'.'^^o 
yflgffiHf'^-JV^T. B L A STPyu.</^A(±, S-^^^-KM (W) v 1 0 

(E) s ^ J:.0*B.L O S UM 6 2 .X T ') > '^v > 0 y ^:x^^y -.i- }\. > /-c 
t7 :/ - t LTW '/^ :?> ( H e n i k o f f ^3 J: O' H e n I k o f f ^ P x o c 
. Natl. Acad. S c i . USA S 9 : I Q 9 i 5 ( 1 9 8 9 ) ^#RS 
<7)i i:) o 

[ 0 0 3 9 ] 

hP— i:fr::.tlllr^T. BLA S T T ;Pnf 'J t 
2 ocr)@Bv>'-|j(r)[B|co?IHfl'f±(7)^||-Kj4-';K^ f^. ■ K a r I i n is J: 

tJ' A I t s c h u K P r 0 c . l-I a t 1 . Acad. S c i . USA 90 
: 5 8 7 3 - 5 7 8 7. •( i 9 9 3 ) t^M^O ^t) o B L A S T 7- ;V nf X A K 
^'oX^m^i-^^mPA^'D l-ocoKmU. m-mm^ (smallest s 
urn probability) (P (N) ) "C-^ fj ^ ■. i tl-Ci-, 2 ■c:> co .% ^ ly :t 



(28) tSgti2 00 2 5 30 08 7 

. 1 J; ^) t L < 0 . 0 1 *Ti. ^ LXM^&t L<imo. 0 0 1 
[ 0 0 4 0] 

-e^-So -if-oT. 2OC0-^7'-:^ K7!)M*^6t)^i!^(-J: oTCO^^'&:^^•ft- 

[0 0 4 1] 

m D N A S (i R N A 4^ & . -'^ 1^ V :^ v j • > h -e#S 
[004 2 ] 

fflts r.x b <; y ^ >' > fi . -/ n - y'Tj-^'Dmmnm t^^^yor ■< 

>}->54J^. P H.-ia J: T!~*;>io Tmi^i^sv^-C^^^frj 

.X U y V i> , p H 7 . 0 ~ 8 . 3 ^iK^fjl^'-m 1 . 0 Mi^c^g-co N 

a ■ -f -J- > -Cife >9 ^ -fCi-'^fltJ I- {i> 0 . 0 1-1. 0 M N a ' -f > j^JE ( '^^ 



(29) W^cZ 002 5 30087 

if- K) I" ov^T ^4-^5^ < i: 3 P t; T"^ t9 . Sv^ >^ a - ^ (Mx , 5 0 J< ^ 
> > I- S , *o A T t"' ^ F CO J: 7 4-:=f^ -^^ 5eSi] <?5iTj;iJ[I ^ ffl v ^ X 'M^ 
. [0 0. 4 3] 

Hg:t|-^tL/j:1fe^T^>'-fc: 'l'.^#T-C% #52<7>in:#:{iv ^5t6<jtc#5H-7>ia;® t ^ 

EL I S A :5&3sT -t-f fi V iSJi: t.i^&iKK.iS'f^fe-e^ a ^- y ^u--)- 

Kmv^hKm^ft^ry't^cr)y:^:--?.v h .fe J; U^'^ft-cT^fci^t'ir^ LT. Ha r 
JowiiJrf^'Lahe (1988) s Ant i bodi es :A Labora 
tory Manuals Cold Spring Harbor Piibli 
c a t i 0 N e w Y o r k ^0f^R<D ^ to 
[0 0 4 4] 

.Ti-.-f- h ^-^ S (i, 0 -\ -r Yii'^T y 'B.WA ^ ^ - K L jg-^- 

4-;Kft>ei\ f£s:<7)m>E(?.-)5KV^ l/pf F^ri- FfSo ■^ix.ff. :^ FVC GU 
. CGCv CGA, CGG. AG A. ^ i-O tvQ; Q<D-^Xif . 7- ./ ^7"^ ^r-- 

(<:: Jf3 v> :2 K > fi ; - K ^ ti- V V K * S C: <!: ^i- < . ttW. ^ 



(30) ■fJ3J2 00 2 5 30 08 7 

^#J4, ^^"ft'^<7)^:^ ;^ :t - ^ l^^J- UT<3D^<5Dr3 K>-e^SAUG 
[0 0 4 5] 

t:ii3V^T.I^^-ei^b^o Utl^^. C r e i g h. t o 11 (19 8/1) P r o t e i 

n-vW. H. Freeman and Company ^#HU<?5 Ci i: „ 
[ 0 0 4 6] 

^ 7i . -jl-tH; ^ o ^5^115 . ^ -> 1^ 7 > X ^ - ^ S^fei- 2. 
< % V .-1- ^-f- rm -^^ts^tfz % !\\-t ^ o m^M t L- :^ iiii^f^ji. k: i= v^- T . 



(3-1) f^-JJEOOE 5 30 08 7 

> ^)ir i Mi^i^.ijgs. h mzm 9 yv^^ ^ ^ to ^M^ra 

o • 

[ 0 0 4 7] 

<r>mm7k. isXtfjt^r K$|:0^' ^ T 7*:?'.-*Sm^cD|g(^^.=ff ^ 154^ Lis 

>7;-7j. 7--^r^i^iU^~-o.x;u-7j-- 1^ K-i-- (^Jx.tf\ PAPS) 

o 

[ 0 0 '1.8] 

y- ;v > .X y ^ V - -If ??t-r >i y -) --^Mth xm < ^ v .t ]<m u . t (i-r 

•6<Jl'-i)ifl^.L#S* m^.tk^-t Lv^^/ii-fj^iSi'^i^-v^T. i^ti:)^Ji!^;tOt«frimi^ ^•.•')•-^- 



(32) '^^200 2 5 30 08 

JSi iH ® ® <5D Sl^d D# & o I' :^ -> .'W ^ :7 J . 7 - ^ re (4 .3^ ^/ V ^ 

!i) ^-r & iJtK&iS-A-i^ i5 35-- ti. ^> o 

■ [0 0 4 9] 

•J ji. f V > .7s 7 ^ V - -cf mr <^ mw KJc^m^-^ h ^/ v .-t ^ km >- • - ^ 

[0 0 5 0] 

( A . ri^ 'J 3 h 7 > V .-^ 7 - -tf .fe J: ri^ u-.^- Fm-PrJiiff ^lim:^ 

!*s -'i^^- < i: *i 1 otT!) i^' ij ra >• ;v 1- 7- y X 7 J- - -^r ^5SJiti LT 
'7 V u >- ..'V h V V x 7 ^ - •€ K -J- - i L T^H^ L^!J iJ' V- :t ^ F 

^ ^ 1- 2-^ ;t .Iffl JJti * ^S^ft T i> . -m--. V r3 V ;V h ^ > X 7 J . 9 - "It {i 
. MS-itEt (i-'i-^J-^s mm^^--< V--C-f-£\^>i)--tfzmWM^-^<rj^c<^^--i -r 
A y"'S;iJl-^is:5-^Pji^^ ? H-^^l^ : J; ^ 4- 'J --3 v > 7 -y j. 7 -Hffi^ 
^p;^ ,$tH-^ >t^ -e -A- J r?^- E t±J -tfzXt TMffiJ ^ n v- ;u h V > X V ^ - 
4f t \.xm7^ $ ) II J: o r - :^ tL:?; o l^'C ^ »f± ^ > ^ ^ 



C33) •fJ.?J2 00 2 5 30 08 7 

[ 0 0 5 1 ] 

[ 0 0 5 2] 

( 1 . i^'^}^ ->■ ;v 1- 7 >" 7 •y - -t?) 
n u ;w h y > .x ^ - -t?.5),o^ ^^t^rn'M f^Mm-^^ KMLX. ^-^M 

mi^, tmRk\t. ^' V ^3 -> iL- 7 X 7 J. 7 - ^-r ^ rn - -ii.^^- < i ■<> 1 O 

yW^-^h^^hif'^t^X-^^^ fTh e WWW Guide 

To Cloned GlycosyltransferasesJ (http 
: //w WW. V e i . CO. Li k / T G N/ gt guide, thm) 
y.llcD ^: t o " -> ;^ V > x -7 J- 7 - 7; < ^ilSiiJ^iJ *3 J: o--^ ^-h^h T < ft 
W.M•t^^^^i.^ ii-^i> ^/ 'J if h y 7. 7 ^ v - ir - K-f >i .>? iJ' V 4--?^ 
^Ufi^T^c^ M^c05:d^jr-,A.¥nrig4-r'"-^''-<-X (GenBank, Swi ss 
-P 1 o t^ EMB L'5: t'^-^t') 4" t-^^atB ? tL;g) o 
[0 0 5 3] 

<Dm^^n xi^m ? - ju- > 7 >■ x 7 .c ^ - -tf fi > .w i-- ^-^t- 

59% t-l^^fe $ ^^'dT "/'^ I V ^ r ZnX' \- 7 7 .X 7 j:. 7 - -If , 7 li c>- ;L- h 7 7 

X7j-7--^r.. •^'"■;vni vJb- (> -7 7X7 J. 7--if, N-7''1;?'-JI'j5"7 5' 1-^ < — -(V 
h 7 7 .X 7 - -tf , K - -t' ^ )l- iT .-'V -if 5 • - ..'V h 7 X 7 ^ - +f . '7 JU" 
q S ^ 7 X 7 J. 7 — -If ^ v T U h 7 7X7 j- 9 — -it, ■--?7 7 ;V |- 7 7 X 

7 7 — -tL% U 7'C^ f y 7 7^ 7 .c 7 --If r-ZJ^i?' U 7 jf h 7 7 7, 7 .:i 7 — 

-tf , 3o cfc cZ-t >; --^-^ -y >v ;v h 7 7 X 7 7 - -tf o iSi3[)4' i^'' -> ;v h 7 7 x 7 



(34) 002 53008 

[0 0 5 4 ] 

r // 4r y ^ - {■.'- mH--f^>m^'^%i^:.-t^^^ V ^ xm^. mm m ^mi^M 

^jtrfS (A o k i ( 1 9 9 0 ) EMB 0. J. 9:3171- 3 17S;H 
arduin-Leperst) (19 9 5) Glycobiology 5 (H 
) :74I-7 5S:Natsuka:feJ:'^Lowe (1994) Cur r en 
t Opinion in Structural Biology 4:68 
3-69l:Zu^ (1995)BIochem. Biophys. Res. C 

0 mm. 206 (1) :362- 3 6 9;Setoe> (1995) Eur. J. 
Bio c hem. 234:3 23- 3 28:Set.o?> (1997) J. Bio 

1 . C ii e m. 2 7 2 : 1 4 1 3 3 - 1 '1 1 3 8 8 ) o 

[ 0 0 5 o ] 

y 2x , ±fc imw^m (y n - 7*) ) ^--y^f^ 'KU -i-^^ t fz it y ^ 

Y u -e^^tfc . ') >^ y~-QmMUP5 (PGR) . V 7f~ -irMKiS ( 

L C R) > fe^^<-y^.fiOJSi[iS (transcription-based am 
p 1 i f i c a t i 0 n system) (TA S ) . ie^^Fl^K^'ij^^m (S 

S R ) ) !- J: ^) i^'l'a i-n- >i o /A ISi ■# 'V ct:^ ^ T7 - > ^ x (f -^^ y Mn t- 
fmo)-^m^\t. ^m^^KM^X-^ ;i o # < <50 r> n - > ^m^n C T Malil^ 

erger.^3<}:LFKi mm e 1 , G u 1 d e to Molecular CI 
oning Techniques. Methods in Enzymolo 
y 15 2 Academic P r e s s , I n c . , S a n Diego 



(35) fJ-TSaOOa 5 30 087 

, CA (Berger) iSambrook^ (1989 ) Mo I ecular 
C I o n i n g - A Laboratory Manual 2 Jig) 1 ~ 3 
Cold Spring Harbor-Laboratory, Cold 
Spring Harbor Press, NY, (Sambrooktj) ; 
Current Protocols in Molecular Biolo 
g y , F . M. A Li s u b e I Current Protocols, G 

reene Publishing Association. Inc. tjo 
hn VViley&Sons. Inc.t (Dm<D'J a -f > b ^ty^r- ^^-^ (19 
9 4 M) ( A u s u b e 1 ) : C a s h. i o n 5 , 0 17, A 

7 H-^ ; isJiVC a T T . m^mW^ 0 . 2 4 6, a 6 4-^-0 -f y ^ h n -^coJf 

erger, Sambrook. is X dA u s u b e 1 , =S: (J^'K M u 1 i 
( 1 9 8 7 ) 4. 683, 202-5#-;PCR Protocols 

A Guide toMethodsand Applications ( 
I n n i s ^IS) Academic Press Inc. San Diego 
, CA(1990) (Innis);Arnhei iO-Levinson ( 
1 9 9 {j ^ 1 0 1 n ) C & E N 3 6 - 4 7 ; T h e Journal Of 
N I H R e s e a r c h ( i 9 9 i ) 3 : S i - 9 4 ; (K w o h t> ( I 9 

8 9 ) P r o- c . N a t ' 1 . A c a d . S c i . U S A 8 6 : I I 7 3 ; G 
uatelll^>.(1990)Proc.Nat' I.Acad, Sci.US 
A S 7. , 1 8 7 '1 ; L o m e I 1 ^ ( 1 9 S 9 ) J . Clin. C b e m . . 3 
5: lS26;Landegren^ (1988) Science 241 :l 
0 7 7 - 1 C) 8 0 ; V a n Brunt ( 1 9 9 0 ) B i o t e c h n o 1 o g 
y 8:291-2 9, 4; Wu^5J: O^V al lace (1989) Gene 4 
: 5 6 0 ; J: t^B a i: r i n g e r ( 1 9 9 0) Gene 89: 1 1 7 <> 

[0 0 5 6] 

V ^7 V }U h 9- > X -7 J. ^ - ^f r?-' > ;^ S , t 7t {iSt^S^aH^J ^ n - KT ^ D N 
A. i6 J: LKjL-UTi^fida^ :n.^ b-.i' Y'm(^1i^»iXi;^m '5-i' ^W'M't ^ - ]'-r^ 
D N A , ^Jx. tf-. ^ii-tjO-^ rie-?ljO a - > /jr" i 0-MI>5> f 7'c f± N a r a n' g 
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^ (1979) Met h. Enzymol. 6 S : 9 0 - 9 9 <D 'J >m h ') ^'^ 
y- }U tk ; B r 0 w n ^ ( 1 9 7 9 ) M e t h. . Enzymol. 68:109- 
15 1 CO U >M'J-^^ -r :Beaucagef3(19 81) Tetra. L 
etc. , 2 2:18 5 9-1862 6D->'^f-;v*:^ * ^vr s -y^ -,^1(1 
"•^^wmf-X':^ 4 , 4 5 8 , 0 6 6 -g-c90#::it##^*<5^ ct ^ -hW^mt^ 

. ift.HJ a - :r. > ^'-^St:: J; I9 ^M- ^ ti# 3^ o M /t W\ G e n B a n k i fi {lii 

.5? U :^ f- KgH#(J , A D N A* > "/JHC i3 ^ 0 - Jl- > -7 > "7 
-^r^S^5^^.^;i:ti#.RNA■7->•:/;^{•.-:B^j'«. (f!)x.{^> -rh^fvrny h^5L< 
./ - y-fn y V tc ^3 1 1 >i ) <; V .'V 1- > ;^ 7 - -if m R N A K'^^m ff-J 

K -1' r ^) r4 XTz-,zfzj-y^ jjifjt f ^ ^ v:. ^ ^> tt-f^ a o — R-tl 'J ^ 
-> ;v 7 > >^ V 9 - -e;t^ it [H] 3; s t . ti. (i ^ i-^ stF ^- :;^T 

f£ (M[;t {i?. Sambrook^ (i989)Molecular Cloni 
ng:A Labor acory ManuaK^2,^> l~3^-> Cold 
Spring Harbor Laboratory ;Bergeri3J:(:>'K 
immel (19S7) Met hods in Ensymology-. 152 
Guide to Molecular Cloning Tequniq 
Lies, SanDi ego: Academic Press, Inc. : ifzii 
A usubel^(19S7) Current Protocols in M 
olecular Biology, Greene Publishing a 
nd Wiley-Int.erscience.New York ^UMfO ^ h 

[ 0 0 5 7 ] 

19 u - > ^/ tiff i> o X ^ i >9 - - K ^ tL^ y K <r) y 
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tt ) o 

[0 0 6 4] 

(J t A/i:'<5Q-f£s:<^^ 'J m V ;v K-7 y x 7 j. {i. :^.ii|nj^cDjjric.;M'S^t^*3 

■Cfljm\~ *3 v^-Cfll o S^'J'S: ^ V ^ > .X 7 - -ff {i , $ 

tt:5,!RFjlf<7>*llii<7)i£t/i^;li-^'''^'C^ti?*i^o ri''V vJV ^ > X 7 j. 7 - <^ 

[ 0 0 6 5] 

(a) 7=2->;v> 7>;^^7.c9— ^f) 

X7 j.t?--<r^^j-&o # < C07r:3->;U 1^ v>X7 J. 7--if/&\ M^^^K'S^^X'^ 

Wi^lt^ yt2y)i^> 'jy.xy^9-'^^tvx\t. GD P - 7 :j-.x:$^-^r 
,-5- ■!-/ -^<r> ti K a -? >• .•ViV/:---^ i: L - 7 :^ - x ^f^f-f Ci tt ^ <-/:)S?^Ci -f 
*i55^7!?^#rjf ^J-i- ^ o V » < -J ;&^<?:) H ^SilJl^iH 'C (i . 7 .-i^ -t -/ (i . fll X- I' 
nf*ft.^''; ::r-> KlcJdft^ G a I /9 (1 -^4 ) G 1 c NA c /?Sft'cOG I c N A c 
-ejfcSo :i<7)i3iSlc^-eO'i7ri->Jiv:--7>7;7.c7--ift LTJi. Gal/-? (1 
^3, 4) GlcNAc^l-« (1-*:^, 4) -y '-l y )V\ v y - { 

FTII I E. C. ^-H-2. 4. i. 6 5) (rtLfi:, K^\ii^ h-^M\--'^W^ 
'^ihi'^fz. (Pale ic.ib. Carbohydrat e Res, 190 : i- 
11 (1989) ;Prieelsf>. J.Biol.Chem. 256; 10 
'I 5 6 - 1 0 --l 6 3 ( 1 9 8 1 ) ; *5 J: <>'N u n e z ^ . Can, J . C h. e ai 
. 5 9 : 2 0 8 6.- 2 0 9 5 ( 1 9 8 1) t ) ) . i-^h^f^'- G a 1 /? 

( 1 ■'!) G ] c N A c ^ - <r (1^3) 7 =r v-.'P h V > X 7 - -e ( F T I 
Vs FT V s FTV I . ^ J;0-"F TV I I , E. C. •^-9- 2 . 4,1.65) ( 
i;n.fi. i l^JfiLvfilr_i3i/^-C.ai'l',-5 n.^) :d^^nf ibi-l-^To Gal./? .(1^3, 4) 
GlcNAc^i-« (i-*3, 4) 7^'c>-JWM/-'X7.x-:;--t-«oSai^xBri 
#it-f-J-lt ^*L.-CV\;S (Damasf5-.Bi00rg.Med. Lett 
e r s 1 : '1 2 5 - -1 2 8 ( 1 9 9 1) fii J: 1>='K u k o w s k a - L a t a 1 

1 0 •. G 6 n e s and D e v e I o p m e n c 4:1 2 8 8 - 1 3 0 
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3 ( 1 9 9 0) ^^-M(0:^t) o #COM^0*J7-->^P ^>X7j-7'--tft LT 
(5. ^1. 2y:^zy)Ph^y7.y--9--if (E. C. #°-2. 4.1. 

6 9) Ti^'^tf ?)i-i--S)o ^^^9 7 -^Jl-'-fhiis M o i i i c 0 11 e , E u r . J 
. Biochem. 19 1 1169-176 (1 9 90 ) t fcfi^N^f^* 5 . 
3 7 4, 6 5 5 -^icIEm? ii'4,:^mi- J: ^) ^fj' ^ *L#^ o 7 ^' > v "7 ^ 
5 _ ^5 :^ ^ .Hj v> S tfi. GDP-^ra-j^^^'&gSi-ra?:^ 

[ 0 0 6 6] 
( b ) ify^ ^ -> -'I' > 7 V . c 9 — -if ) 

yp^yj.9'--{tX'^^o -JTy^/ 1- v;u h v .x 7 j- v - -if ^ W.-^-S^^-^. ^ffeli* 
if V ^' ^- Ji- h > .X 7 ^ 7 - -Tf ;S<3^T trfflmfi UDP-Gal^-£j- 

9>7.7 j.7--tf t LTti. a. (1, 3) ;l'"7-^' l^v.'H- 7>'^<>7J.7--if (E 
C . 2 . 4 . 1 . 1 5 1 M£ {i\ D a b k 0 w s k i T r a n s p 
Jant Ptoc. 2 5:29 2 1 (19 9 3)i5J: XJ-X a m a m o t o > 
N a c Li r e 3 4 5 : 2 2 9 - 2 3 3 ( 1 9 9 0) . v ( G e n B a n k 
j0498 9, Jozias&e<b(i989) J. Biol. Chem. 26 
4: 14290 — 14 2 9 7 )^v■■■>X (GenBank m26925;La 
rsenA) (1989 ) Proc. Nat' 1. Acad. Sci. USA 8 
6:8 2 2 7 - 8 2 3 1 ) > -f (GenBank L 3 6 1 5 2 ; S t r a b 
a 11 ^5 ( 1 9 9 r> ) I mm u n o g e n e t i c s 4 1:10 1-10 5) ^ 
#M i ) ^--^i'f h I- -t) o 3IJ iEi'J 'S; a 1 , 3 b ^ -'i- > > .X 7 :t - 

^f B n.U:mKt}^(rj^ttX-mH-'t'i> « 1 , 3 y'7 ;v h > x 7 =. 7 - 4f 
(EC 2. 4. 1. 37,Yamamotofb (1 9 90) J. Biol. C 
bem. 265:1146-1151 C^lv)) "e^> ^ o 
[ 0 0 6 7 ] 



(41) tJ^JHOOZ 5 30 08 

(1, 4) 9--^f-C^^), t LXii. 'mr^if^ 

EC 2. -1. 1. 9 0 (L a c N A c. ->>Mr^' -4f) .t3 J: O-E C 2. 4. 1 
. 2 2 ( V h - .X > -L' ^ - 4/) O i^- (D ' A g 0 s t a r 0 ^ (1 9 8 9 
)ELir. J.Bioche m.- 1 8 3 : 2 1 1 - 2 1 7 ) , (M a s r i 

^(i988)Biochei-n.. Biopys, Res. C o mm u h . 15 7 
:65 7 - 663),VT>.7. (Nakazawa^b (1988) J. Biocli 
em. 1 0 -1 : 1 6 5 - 1 6 8 ) '5: U- K E . C . 2 . 4 . 1 . 3 8 *s i li'-t 
y < yyf 7 h )V h ^ y-A y 7 - if (E . C, 2. 4.1. 45, S t a li 
1^3(199''l)JoNeurosci. Res. 38:234-2-12) ^6^^ 
»f n& o 4- *"*-7 > ^ -7 > .X -7 ^ V - -t' t LXii . '&TIX. f±\ a 1 

, 2 J^r-y^' h->;v J.t7-^f m^ii. S c h 1 z 0 s a c c h a r 0 

myces pombe. Chapel I h (1994 ) Mol. Biol. C 
el 1 - 5 :519-5 2 S ^ ^) :fy'^Mlf h '^l ^ o . ■ . - 
[ 0 0 6 8] 
( c ) V T V ;v y 7>'y<y j-^ 7 — tf ) : 

Tfirffl -e* ^ -rf V ^' h 9 >' X 7 v - -t'co.Sil'^S'^ -(: $, o y T ') -'U 

1- 7 > X :7 ^ --if ^ rc. CMP- v r .vft^^ ^ L. vn -Kit 

V T 11 JU- h V > .X -7 ^ V - -c {c c i/> T 3/ :r Ki.- >i o . ^c ^ ft 
fjl!HJt::Ml33T-^SvT'J.'U (-^VX-yj.^-^fO-^Ji Urtt. STSGal I 
I I (^Jx. tt\ 5- h i 7i {± t h 00 S T 3 G a 1 I I I ) > S T 3 G a 1 I 
V. S T 3 G a I I . . S T 6 G a I I ^ S T 3 G a l V . S T 6 G a l 
IK S T 6 G a 1 N A c I v S T 6. G a 1 N A c II, ;te J; LP'S T 6 G a 
1 NA c III f^tL^ V > >.x 7 ^ v -->f 

fi, Tsuj \ h (1996) Glycobiology Blv-xiv) i-l 
f2^,§i'L^ Jr-n !&:;^f±T-*^) j&f^ff jiptt^o cr (2, 3) lyy) }vyvy7.y 
7 - ^r ( E C 2 .■ 4 . 9 9 . 6 ) t '/^^ ^L. ^J:5^< 9*; a ( 2 , 3 ) -> T V h 
^>7,-7 .c •:7--crt.- ->T;Vtt-S:-. G a I 1 ^ 3 G 1 c r-'^fi-^'U n -> K 

C0^liiS7t;,4i^G a I '--i:^fi"-r^o V a a d e a E i j n d 6 n f^, J . B 
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iol. Cliem. , 256:3159 (1981)^Weinstein?>^ 
J . Biol. C h e m. , 2 5 7:1 3 8 45 ( 1 9 S 2 ) is J: tKW e ii P> x 
J . B i 0 K. C h e m. . 2 6 7:2 1 0 1 1 ( 1 9 9 2 ) ^^m?R<^^-t., M 
<5D^J^&tl a 2 , 3--->7''U ;V hvVX 7:^-7 --It (EC. 2. 4. 9 9. 4) 
. yr^^M^^ -^t tziii''') V' y<^)#MvD«G a I -^TO'r^o Rear 
i ckh. J. Biol. Ch em. . 2 5 4 : 4 4 4 4 ( i 9 7 9 ) * J: t^'G 

1 1 1 e s p i e J . B 1 o 1 . C h e ni.- , 2 0 7:2100-1 (199 

2 ) to ? f>4-^!5iJ.^&^;^-»i trtt. Gal-^-1. 4-Glc 
NA c tt -2, -6 v-7'J JV^7>';^^V.L•9-'C^ (Kurosawa t^-^ Eur 

J . B i 0 c h e m. 2 1 9 : :^ 7 5 - 3 8 1 (1 9 9 4)) ^f-^ o 

[ 0 0 6 9] 

( d ) 'ffiio ^ > > .X "7 ^ - -t?) 

■^-5^m £.mi^fl.yti,l:: J; 19 ^ t tL# 2. ftso ni -> ;v 1- -7 V x y ^. 9 - -t? 
rj -> ;t.- > 7 y 7 J- 7 -45 4;iov^T. MM t^-'^^^ ? tLT o ii^mi^- ii. '-i ^ 

tt\ A 1 g 8 ( S t a g 1 j o V P> . P r o c . Nat I . Acad. S c i . 

USA 9 1 : 5 9 7 7 ( 1 9 9 4)) ^ ;J:f±A 1 g 5 (U e e 5 e nh. E u 
r. J. Biochem. 224:71 (1994)), f!)x.(^\ « ( 1 , 3 ) 
]vj_y^_;^'-,V;//7-:;' h^^— h^y-Ay-^.^-^r^ ,9 (1. 4) N-T^t^r-jv 
.-^7'7 .^J' > -"^ — Ji'' > 7 V .c 5- — -t? (N a g a t a ^ ^ J . Biol. Che 
m. 267:12082-12089 (1992)&J:U^^Smlchlo^ J. B 

i 0 I . Cl-iem. 2 (i 9 : 1 5 1 6 2 ( 1 9 9 4) ) > 4- ^-K M '/^^ K 
_ ^ ;b 7/ -y b 'ij- Y y y 7.y --Is -{E o m z ^ ^ J . Biol 

C h e m. 2 6 8 : 1 2 6 0 9 ( 1 9 9 3 ) ) ^ T 4- N - r -7"- ;V >T .^z h 
-If = JU f V > ,X 7 ^ y - -c t-J -hS^ >i o iS*:JJ 'S: N - r 4- ^ Jl^ ;u ^' -Tf 5 r-. )l- ]- 
9>'X7J.7--It t urti, G nT I (2,4, 1, 1 0 1 . H a I I B B 
R C 1 7 6:6 0 8 ( 1 9 9 1 ) G n TI I . ^ i 0="G n T I I I ( I h a 

r a J . B i 0 c. hem. 1 1 3:6 9 2 ( 1 9 9 3) ) > G nTV (S h 
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oreiban^-, J. Biol. Chem. 268 :1539 1 ( 1 993) 

) ^ 0-:^iiM^N-T^r^•'^J^^</;Vrl^^ h ■7>;7x V :c 5---if (Bier li u i 

zenfj/Proc. l^Tat.l. Acad. Sci. USA H9:9,'^26 ( 
1 9 9 2) ) . N-r-lr-5;-;VcJ'".>wr3^f^ >- 1-V yB. \- xy j.y-'lf (R 
ajpiitJo, Biochem J. 285:985 (1992) 
r >wn-j-> v 'y .^--lr:*''^tf i^tt&o ^1i?J4- v >- y >- I- 7 > x :7 j. ^ — -if t l 

T li .. a ( K 2 ) T > y ->-;V h 5^ > 7x 7 4f . (1 , 3 ) > ./ -> f 

•^^'Xy J- ^'-Hf, (1, 4) w y V !l- S 7- X -7 J. 7 — -ir\ Dol-P- 
M a n V > -J' 0 C h U is J; O^P ra t 1 )6J-:^tf ^i-^o 

[0 0 7 0] 

Ri-t^iS-a- 1) ^. '/^ T ^ -t? ;6 o ^: <^ ct ^ :_' )i- 1- -y v -7 -7 - >i? 
, V (LOS) 'D-irm'-m^'T ^^'W-mi'^W hn. ^comm^i^ ^< 

(?) rX ^ A ^M*$U1M(^ i o ^ ti^ o Z(DLO Sit. -itM&iJi^-. ^y<^. 

-f^ (Preston^ (199 6) Critical Reviews in 
. M i c r o b i o 1 .0. g y 2 3(3) : 1 3 9 - 1 8 0 ) o J: ^ 4^^^ 
E . CO 1 i .+3 J: 6"' S a 1 m 0 n e 1 la t y p h i m a r i u m.<0 X. 

^ry.h<0'W.WJ^^t, /? 1, ^iT'y'y Sv^P h 7 VX J- 9-^r^3 J: O^^ 1, 3?'/' 
i7:^^ ^v-.'l' h'^ {M7L\^. EMB LSSiiji-l=-5M 8 0 5 9 9 J: 

M 8 6 9 3 5 (E. col L ) : EMB L2^-*^S 5 6 3 6 1 (S . t y p h 

i rn u r i u m ) ^ ^ i: )^ -. 3 -y )V \ ^ >• >• . c v - -bf ( S v/ i s s 

- P r 0 t -"^M"^^ P25 7 40 (E. coli)).^i, 2 - ^*;v ^ 1/ )V y 
7 J. ( r g a J ) ( S w i s s - P r 0 t S^^^P 2 7 1 2 9 (E 

. col i) ^J:c;'Swi ss-Prot ^r^'^-^P 19 8 17 ( S . t y p h 

imu r i um) ) . ^^hl^V.^ 1, 2 - N-T-lrf-.'l'^-J^-'Vni-H- ^ ^:z.)VV7> 
7.y:c'7^-i2 (r.f a PI) (EMB L^^i-^-?U 0 0 0 3 9 (E. col i ) i)^ 
#vf :H. 4> o T ? y iSFIfi^!! :;6--2:*U 'C^ ^ fHi ;V v f 7 > y. y j-. 7 - -tf f i , 
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r t aB (:^:Kltt. Klebsiel la peumonlae> E. col i 
^ S a 1 ni 0 n e 1 1 a t y p h i m u r i u m> S a 1 m o n e 1 1 en 
terica> Yersinia enterocol itica>Mycob 
accerium leprosam<7>J:^ v^X#•So°^^ § ^^t•v^ 

^) fiOJ:-9*:t-^rf>'^ ?fcfjO'tcPseudomonas aerug i nos 
a <75 r h I -t ^ n > {c X-jX-~ SlI^J * t>o 

[0 0 7 1 ] 

J t'j; 7 ^ !- - N - ^- -i" X h 7 — X ( n e 0 t e c r a 0 s 6 ) ^ D - a'" 7 
iS' h ->Jb- ,9 - 1 , /I -N-^r-b:':^-^^-■D-^^•J^3^;- -.;V- - 1 . 3-D- 

. D->T7^^ h v-;v- a— 1. 4 -D-**^^' hv'.'V- ^- i, 4-D-^^;Ur:? 
- .X ^ ^tvffiJtt/ * iSit^r >i t \~ m-^-r & --il^ivh y >• '7 j^y- -I? f± . 

sseria gonnorhoeaeiai; m e n i n g i t i d i s co 

L 0 vS (:ii=V^T|n]7E g tt-Cv^:i> (S c ti 0 1 t e n ^ ( 1 9 9 4) J . Med. 
Microbiol. 4 1 : 2 3 6 - 2 '1 3 ) o ^ *L f> ^.■^5tfJ<7)■4^.-A^J£^-^•?■ 
"l' ^ 1?" 0 i>' Jl' ]- "7 X 77 V — 'If^ ^ — K"^ 2) N. m e n i 11 g i t i d i s 
^3 J: a-N. g 0 n o r r h 0 e a e i'J:. N. meningitidis •.fe^iS;?^^ L 
3^J;0'^LlJ:^)l^fe? f-X'.'-^ >i (Jennings^ (i995)Mol. M 
icrobiol. 18:7 29-740) CJ^N. gonorrhoeae 
^^iii^F 62 (Got shlich (199 4 ) J. Exp. Med. ISO: 
21Sl-2 190)oN. meningitidis (Ciav^T. 3^<DMt^^ 
( 1 g t A. 1 g t isj: g E) 75--<b^iSiS-fi:-^M*{i:^ 7 h -N--^.t x > 
V -.x® + c^-r|3::f^'i*:' 3 -^tTDtl^^^ii^J^;:- i: ? t^^ 1- v >■ '7 y - -Iffii^ 

- F-r;i-. (V/ a k a r c h Li k ( i 9 9 6 ) J . Biol. C li e m. 
27i:i9I56-73)o ttkii. 1 g t B .fc i O^' 1 g t Ai&B.^mm<^mT, 
mib^M>£. ?- ;rt-. i ti. t> {i . i ^ com. m^fifz ;v V ;v ^ -7 V .x 7 j . 5^ - 
ggHoV^T^^l ^ih:i5*iat)'5:»=grj;!ii-^It-r^ (Wa k a r c h u k f> ( 1 9 9 6 ) 
J . B i 0 1 . C 1-1 6 m. 2 7 1 : 1 9 1 7 1 - 2 7 6 ) o N. g o n o r r h 
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0 e a e l-i^sv-'T. 1 g c D*3J:?^1 g t CcDZM.^-^ <b^j:^^i7k-f-i}^^^L. 

1 g t D - D - G a I N a c 7- b - N - -t- .-]• -r V -y - 

^7f V iJ' h~7-<^ 3 mzMx.. ^ LT I g t C fi , a - D - G a I "tm^m 
LO SCO V ^/ h-:^'^m^M^^. ^iiKX^^) Mmm-W^M^^^J^^r 
2) (G o t s h 1 i c h ( 1 9 9 4) tim) o N. m e n i n g i t i d i s 

^^^^ i-^ t •f)^7jk ? :n.-t:u^;i> ( J e n n i n g s & (1 9 9 D .) miH) o N e 
i s s e r i-. a i^}^ -> ju h 7 V X "7 j. 7 - -if ^= X V-^ comM'^^^i^-rf-ii i fz , 
U S P N 5 , 5 '1 5 , 5 5 3 (G o c s h ] i c ti) fr-?ti^.^ *LTv>&o H e 1 
icobacter pylori ft a \ , :^ — 7 c^;u h 9 > v — 

^r:feJ:0'jtfS¥-^> 1 7t:, #iio'ft;?n.-C'y^:2. CM a r t i n t> ( 1 9 9 7)- J . 
Biol. Che m.. 2 72:2 1349-21356 )o 
[0 0 7 2] 
( e 7n JW^l-i h V > V -c 9 ^ -if) 

:^5aiW (i * ;t . m% rM^.- be JSS-^ tJ . J: a^fiiSet-ft^""^ ^ £ fhl" ^ af) o 

(c a r r a g e n e n). . ^ J: CP"^^-fL'-6^^|J^:;6^^-4^l:r ti ^. .r cD ^=fe 
jE-Ml'*3Vi-r^ :$^^P;3(7)Kl;L;ili•&^*;^i:^ x.Vt}^ h 7 x 7 ^nf^ - ;>^f 

, 3' --i^XTivT-r^ v-y- 5 '• -'J-x^x.'UT J.- (P AP S) coJ: -7 
t^M-fk^J o ^f^»^-e.i 7t fi p A p s -J-'-r .^^ yvn^mi^<n'^.lS!\'k-5\- L t 

cOV^-f tL55---e. 1 Jy.. I-.60X 9 > X 7 7 --tf :^f5rT-=^r P A P S ^ i 

^ {mi 1 ) o ■ it-^J 4- X ;w .-^ 1- y X 7 ^ V - -if t.i fi . m .K. {i\ > 
Fn^-f->- 6 -x;V7f=; v>X7j. v--^? (F Li k a t a fe- ( i 9 9 5 ) J . 
Biol. Chem. 270:18575-18580 ;GenBan k^M'^ 
-^D 4 9 9 1 5 l.-Slli}iP.c7)-V h'J c DNA) , .^^ nHf < 7 ^ V > N - T 4r 
,)V .cV a -1;- > N - x^" T -fc 7' - -t?/' N - Xv ^i-- f ^ > x 7 . c -5 - -c ] ( D i x 
0 ri ^ ( 1 9 9 3) G e n 0 m i c 8 2 6 : 2 3 9 - 2 4 1 : U L 1 8 9 1 8 ) 
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N - Ji- * h 7 V :c 5> - -c 2 (Orel 1 a n a (199-1) J . Bio 
1 . C h e m- 2 6 9 - 2 2 7 0 - 2 2 7 6 .-fe J: CPE r i k s s 0 n (19 9 
4) J. Biol. Chem. 2691104 3 8-10443 \zt\lM.<rr<r --"j 7. 
<?5 c D N A : G e n B a n k-^^r-^-^^U 2 3 0 4 IcfE^oii c D N A) ij^mf 

[ 0 0 7 3] 

fr}Vz[z^ }V h 9 > >^ y -x y - ^i^mi±. M h L TfHffl-r S ^< <^ ^ 'i' K 

-e. mm.(^j&<^ Et) -e ^ 5. mm ^ 0tt. l- ^Ir ^ . a- a 0^ 'V ^f- K t fc 

'^tic-^dH ^3 V^T , 7r^^P;jt7)^|^x.»{±> ^^i-- - -> 9 > V .X 9 - -tf 

£ tf-, 1^ 1 B ^#u'ft<3D i ) o 
[0 0 7 4] 

r^fi'd ^ } ± s 15; V > 1-' .7. <D m m ^o^, t t 5 1 § ^ ^ o ti (o 
(n'prm5XV'^^L\I<-f<r^i^.%^co^i%iiiZ^^y^X, R e e v e s T r e 



•f:j;fi200 2 5 30 08 7 



nds Microbiol. 4:495-503 (1996) ^#,fU<^ i h 



[ 0 0 7 5 ] 

M c7)Mm \z J: o -C^^t $ i-L'i > S {iffi^^bM <??.^ffll& J: o T * U 
-C-g^ ? '^^ , .Hrr^<7) ;? V;^ 5"- $i ^Jl^^r a6 (D^i?. ^^^i- S o i/^ < 

5 ^ .5i ^- K * {i ,5( V :t - im ^ <?:> 1^ -^.R.S <r)fzt>(D S S t L 

% ^/ V >}- ^ KM -^-fffe t ^ o -Rm^j ^ V -f- <r) ^^(f/^ tc \tm\:. 

^^#t/lllim^-l^ffi -r ^ ^ ic i; o T« ^ o 
[0 0 7 6] 

X. tt*-. R e e V e s ^ . T r e n d s Microbiol, 'l : '1 9 5 - 5 0 
3 ( 1 9 9 6) =2:#HUcOC: iio co ^ vmcom^.iz^m-t^-^-{ ^ 

[0077]. 



^ 60 V -f :}-L ;;0 ' iJ>> i. -f o 
[0 0 7 8] 




(48) 



•f$?<2 00 2 5 30 08 7 



GlcNAc V.^iV 

UDP-GlcNAc G D r t" 
• GkNAc/GalNAc ^!-r 

GlcMAc I^j>A7x7-t' 

Gal t r-r 

UDP-Gal t-D-^A/l^'JT-t."' 
Gal hr^X7t7-fe:' 

Ga]t.l71V-2 
. UDP--Gal4-:itri7-t" 
UDP-Glc e^a^AJt^'R-r 

ST t'fl?^'' 
ST il^-ti r>7'jJW-7>^7:^7- 

3Ti}ll/F;.;:J;7i 7-t:"' AW 

GlcNAc' lt';^5-t- 
File 

GDP-Fucit^ii- tv 'j r:;'/- 1 

GDP-Fuc 7b.K7 7-t' 
GDP-Man b'P ;F;^Jr> T?- b" 

7-T "^-.-'i-- h v'/;7j:7-fc' 



fjf^'BCMP-SA 



GflJNAct^'JJi'-l 
UDP-GalN'Ac H^-^^-f 
UDP-GlcNAc. b'Jjr>.Vt'l7-'>^- 
GlcNAc 1-; Wirt- r 
*( iE 4 M -J 1 1" - 1 ■ ^ ^'fGlcNAc 

GlcNAc 1^7:'>^7x7-t" 

GalNAc t<7^t'- 

UDP-GalNAc t' P ^ t^ 'J 
GlcNAc j7/77-c7-t' 
GlcNAc/GalNAc' 



Mam 'W-'l' 

GDP-Man t'D*A^'}rt" 

Man h5:/X72 7-t 



GDP-Fuc t'ait^U>']J-t-". 
7J- ■ttA^^ + t-te• 



n - r h L T -2:^ (D^m ffl U -^^f ^ o V- ;t K rs-PrP^Rl^-#4 ^ - FT ^ 



(49) n^iZOOZ 5 30 08 

[0079] 
(a UDP-G a 1 so#ife) 

\7. iry^7 V -> \-'7y 7.y 3.^7- iT'T^/ f- - X .-"'^h- h )k.m.m'mMx- 
^^^Stt'fb^^' Vrt^ ^^WTJD P-G a l^^ffi-f^o >r (7:).iKLfc;^r ^•^^-^>i ^ 
W/P^^^^fcioV:-. «('■■:. UDP-G a 1 l^:^: < i&#.i&litt-.-P^-¥^^-. /^'s t 
■/■zkt:^ir Ui -f- vmx^ii^£^-'''j>^^<^U D P - G a 1 <r)^^^mmi-^l^ii'k =i 

[ 0 0 8 {) ] 

.•J'Ml.- :i — ^f(EC2. 7. I. 12) ti. ri'' Ji-r.' - .X(7) y ^-ft 
^ftfe/^L-CG 1 c - 6 -P ^?F>B5c-r^o ^'J^--V^'---L'^^i;- K-r>l>itf^?- (fJ 
E. coli:GenBank AE00049 7 U00096^B1 
a t c n e 1- ^ (.1 9 9 7 ) S c i e n c e 2 7 7 : 1 -1 5 3 - 1 -1 7 '1 ; B a 
cillus subcilis;GenBarik Z99124,AL009 
1 2 (3 -. K u 11 -s. t h (1 9 9 7 ) N a t u r e 9 0 -. 2 1 9 - 2 5 (i ) (iv 
Jf^flt-^ tt $ n-T *3 . %o r . m a. /^ -r y 9 :>''-l' -t? - S-- y > ^ ^: {ii-^lilialr i: 

[0 0 8 1 ] 



(50) Vf^i^ 002 5 0008 

UDP-G a 1 V'-'~^<mU-^iy^^KCOTMlt. Glc-6-P*Glc-l 

-Ptr|S^1-i> jl>>s*.^''J^-i--J'--t' (EC 5. 4. 2. 2) iilX'jXmM^ 

ftott^ *i"CVi^ (15nix.l*. A g r o b a c t e r i u m t u m e f a c i e 
ns :GenBank AF03385 6, Uttaro»^, GenelSO: 
1 1 7 - 1 2 2 ( 1 9 9 4) [Gene ( 1 9 9 5) 1 5 5 : 1 4 1 - 3 r-#3V> 

T<&Pi ^" tL/^Hl .iH:d^RdSl^: ti-^] ; E n t. amo e b a li i s c o I y t i c 
a : G e n e B a n k Y 1 4 4 4 4 , 0 r t n e r ^ , M o 1 . B 1 o c li e 
m. Parasitol. 90. 121-129 (1997) ;Mesembr 
yanthemum crys tal I in umlGenBank U 8 48H 
8:S. cerevi3iae;GenBank X72016.U09499 
.X 74823.Boles^3^Eu^. J.Btochem. 220:S3- 
94 (1994) ■> F ah. J - Bacteriol. 177 (11) . 308 
7 - 3 0 9 4 ( 1 9 9 5) ; h : G e n B a n k M 8 3 0 8 S (P GM 1 ) 
. W h i t e h 0 u s e ?j . P r o c . Nat' 1 Acad. S c I . U . vS 
A . 8 9 : 4 1 1 - 4 1 3 ( 1 9 9 2) X a n t h o m o n a s c o m p 
eatris. :GenBank M 8 3 2 3 1, Koepl in^^, J - Bac 
teriol. 1 7 4:191-199 (1992) :Acetobactei- 
X y 1 i n u m : G e n B a k L 2 4 0 7 7 , B r a u t a s e t ^ > M 
i c r 0 b i 0 1 o g y 14 0 (P t 5 ) . 1 1 8 3 - 1 1 8 8 ( 1 9 9 4) 
; N e i s s e r i a m e n i n g i t i d t s : G e n B a n k U 0 2 'I 
90. Zhouf>. J.Biol. Chem. 269 ( 1 5). 11162-1 
1 1 (5 9 ( 1 9 9 4 ) ) o 
[ 0 0 8 2] 

U£, p _ /rMvrj- xt:'a.-^7s-K V v-^.f (EC 2. 7. 7. 9) li. ^i^o^ 
^tl^3^-^T^<??Xffi^WL-, Glc-l-P^UDP-Glc Kmvr^i'o U 

'^m.-^ ti.'CV^;5> (Mx_J^. E. coli:GeaBank M9S830 .We 
i a s b 0 r n 1^. J . B a c t e r i o 1 . 1 7 6:2 6 1 1 - 2 6 1 8 (1 



C5-1) f^-?c2 00 2 5 3008 

9 9 4) ; C r i c e c ti I u s g r i s e li s : G e-fi B a. n k A F 0 0 
'1368s Flore.s-DLasfe. V J. Biol. Chern. 272:23 
784- 2 3 791 (19 9 7) ;Acetobacter xylinum! 
GenBank M76 5 4 8^BredeP>, J/Bacteriol. 17 
3. 704 2 - 7045 (1991) iP.seudomonas' aeruin 
osa(galU) iGenBank AJ010734, U03 7 5i:St 
!■ e p t 0 c o c c u s p n e u m 0 n i a e : G e n B a n k A J 0 0 'I 
869;Bacillus subcllis:Genbank Z2 2 516 
^L^2272;SoIdo^^),. J. Gen. Mic. robiol. 13 9 (P 
t 1 2 ) , 3 1 8 5 - 3 1 9 5 ( 1 9 9 3 ) ; S o 1 a n u m t u b e r o s 
umrGenBank .U20 3 4 5 > L7 7 092. L 7 70 9 4> L.770 
95. L77096, L7 7 098. U59182, Eatsubei^. J. B 
iocliem. 108 1321-326 (19 90) ;HordeLim vLil 
g a r e XrA -i- A-Y). ; G e n B a n k X 9 1 3 'I 7 ; S h i g e I 1 a f 
lexnerilGenBank L32SlKSandlin^)> Infe 
c t . I mm un. 63: 229-237 (T995) ;kh:GenBank 
U2 7 46 0,Dugglebyfb,Eur. J.Biochem. 2 3 5 ( 
1 - 2 ) , 1, 7 3 - 1 7 9 ( 1 9 9 6 ) ; >•> v : G e n B a n k L 1 4 0 i 9 
sKonishii^. J. Biol c. hem. 114, 61-68 (1993) 
) o . . 

[0 0 8 3 ] 

M^i". UD P - G 1 c 4 ' -^e;^ ^7-^f (UDP-Gal 4' 
-fe' : E C r. . I . 3 . 2 ) Ji, U D P - G 1 c U D P - G 1 a ^(D^<W:itmM 
■9"^oPoolman^(J. Bacter iol 1 7 2:4037-404 
7 ( 1 9 9 0) ) KX-j XtH^-d- ^-l.;!. S t r e p t 0 c o c c u s therm 
0 p h i I u s UD P ^"9^ 4 --i^y^ji -iTMB^U . *.^Hj^ \z i$ 

T;i3\l+J-ei>S:g:i5-^<?:>#fer>9^J-C-^;&o -fttcDit-^-^OU D P ^^wrj-x 4 -:x.k: 
^ if/ - -tf - 3 - ij U -f- :-'7i^'.K 11 ^ V-]- -1- :-- 1± . E . c o I i i t (i 



(52) tJ-Jsaooa 5 30 08 

;&fij7FHti*^#J#t^{i. E. coli, K. pneumoniae, S. liv 

1 dans. ^5 ct O'' s t e w a r t i i > 4^ il^ J- S a I m o n e 1 I a i3 J: cP' 
E. Streptococcus (oU^'^mf h'^^^^ o ^ V^^'- ;^^a!^Jf4. < 
07)''<7?.ittl#ft*<^U D P - G 1 u 4 ' -.r ^ -:; - ^L- o\,-»T<&'Xt] -e*> . CitL 
^b^-fi:^ Paste urel la haemolyt ica, GenBank 

U 3 9 0 -1 3 ^ P o t t e r Infect. I mm u n . G 4 ( 3 ) ^ 85 
5-860 (1996) ; Yersinia enterocolltica> 
GenBank Z 'I 7767. X 63827> Shurniki^.Mol.M 
icrobiol. 17:5 7 5 - 5 94 ( 19 9 5) :Cyamopsis 
tetragonoloba: Gen Bank AJ00 5 082;Pachy 
solen tennophilus:GenBank X68593.Skr 

2 y p e k 6. G e n e 1 4 0 ( 1 ) . 1 2 7 - 1 2 9 (1 9 9 4) ; Az o s 
p i r i L 1 u m b r a s i 1 e n s e : G e n B a n k Z 2 5 -1 7 8 ., D 
8 T r 0 ell i^. G e n e 1 4 4 ( 1 ) . 1 4 3 - 1 4 4 ( 1 9 9 4 ); A 
r a b i d o p s i s r. h a 1 i a n a : G e n B a n k Z 5 -1 2 1 4 . D 
ormann?>Arch. Biochera. Biophys. 3 2 7 127-3 
4 ( 1996) ;BacilIus subtilislGenBank X9 
9339.Schrogel»^,FEMvS Microbiol. Lett. 1 
4 5:341-348 ( 1996) ;Rhizoblum rpellloti: 
GenBank X5812 6s S 819 4 8-. Buendiafb. Mol. B 
1 o 1 . 5 : 1 .5 1 9 - 1 5 3 0 ( 1 9 9 1 ) ; R b i z o b i u m 1 e g u 
m i n o g a r u m : G e n B a n k X 9 6 5 0 7 ; E r w i n i a amy 

lovoralGenBank Z 76172, Metzger^b, J. Bac 
t e r 1 0 1 . 1 7 6:4 5 0 - 4 5 9 ( 1 9 9 4 ) : S . c e r e v i s i a 
e:GenBank X 8 1 3 2 4 ( x e / y - 4f J: mj D P - - ^ 
a * X * ij 9 - Htco ^ 9 x - ) > S c b a a f f - G e r s t 6 n s c li 1 a 
ger.. Yeast 11 : 79-8 3 (1995) :Neisseria m 
e n i n g i t i d i s : G e n B a n k U 1 9 S 9 5 . L 2 0 4 9 5 . L e 



(53) f*.?c200 2 5 30 08 7 

ef>-. Infect. Immun. 63:250 8 - 2515 (1995)^ J 
e n n i n g s 1^ > M o 1 . M i c r o b t o ! . 1 0 ; 3 6 1 - 3 6 9 (19 
9 ) ; is J: 0" P i s u m s a t i V u m : G e n B a n k U 3 1 5 4 4 

[0 0 8 4] 

^ X. a n t li o m o n a s c a m p e s t r i s .'A 4^ .-7 Ji^ r?' — -if\ ri^y-. 

iJ^-'tf (xanA) ^ > y V ;>< 7 ^-tf> JSiD^'GDP 

-•-^yy-y.l-:v:^^:;^4'>') -7--t' (x a nB) (DM^^J-it. •c7>a415.ttai'7 -7 
> i.-Ht'li ? (K o e p 1 i n ^ . J . B a c t e r i o I . 17 4, 

191-199 ( 1992)) o Klebsiella pneumoniae 
S "-"r nf , 5'/^ h — :a — 1 - X :7 J - - 1- '> 'J v ;p h 7 > x -7 ^. 5- - 

^Oi ;g as (Peng^(1992) J. Biochem. 1 12:604-6 
OS) o ^ < <r)^<r>m'^K ^SgiH^'tJ-^HIffl^^^-^^-^-A'ittCRid^^Ji.^o 
[ 0 0 8 5 ] • • 
U D P - G a 1 ^i^W!.-r^t>m)i^'^:mf^.-r ^i>4-^:^^<r):}jm li. miKyf-^^ f^^'A. U D 
P - G a 1 -i^ i-\y\'^m^~t7^m-%'k K'^ 2. jtte^-^ffll&tc^A-r ;5, i; if- 
^. o ^: cDE-m(±. U D P - G a 1 p --f^ x * U 5 - -If (scr^ ;^ - x - i - 

hH7i;-y;v].=^>;7«,v.c^--tf) :^^(MISf^Ls Clcof^^H. Gal-1 
-P^UDP-Ga 1 r-i!g?$ii-S o U D P - G a 1 t: a .i^x .-}s 1; 7 - -tf - K 
1-^i>iil^-?}i, v> < 079-<7?^#j.i:4-t-->v>r#M it$ a.Ti3 i9, ^ :tL li -, 
x.i^. P.attus nor. vegicuslGenBank L0.5 541, 
Heidenreichf?, DNA Seg. 3:311-318 (199 3) 
;Lactobacillus •casei:GenBank AF00593 
3 KiS=7'7 V^-y-^z (g a 1 K) . UDP-y/7:J^ - X - 4 - fci ^ - -If 
(g a 1 E) , ii'i' ^ :--X 1 -'MX -y.c- n 7 >X -7.C 5'--t; ( 

g a 1 T) cOi^' ^x -) , B e t c e n b r o c. k A p p I . E n v i r 



(54) tja2 00 2 53 0 08 7 

on. Microbiol. 64:2013-2019 (1998) :E. co 

1 i : G e n B a n k X 0 6 2 2 6 (U D P h - "1 ----t"^ 

'tfis J: 0=^:^9^ h-j:^ - 1 - P 9 >^^.>^ ^ V y X 7 ^ v - -tf^ L T g a 1 E i3 J: 
CJ^ g a 1 T ) ^ L e m a i r e ^ N u c 1 e i c Acids R e s . i 4 
:7705-7 7 1l(i986)) ;B. subtilis;GenBank 
Z99 1 23 AL009i26:Neisseria gonorrlioe 
a e : G e n B a n k Z 5 0 0 2 3 ^ U 1 \ v i c hh. J . B a c t e r i 
ol, 177:690 2 - 6909 ( 1995) :HaemophiIus i 
n f 1 u e n iz a e : G e n B a n k X 6 5 9 3 /I ( h - - 1 - * 
V ^ ij 9 >.X7^9 --tf. h^-i'-'rl. rJ' n - ->r J: 

77^ ■J' - X V "7' 1/ •^ — CD^* ^ -) ^ M a s k e I I h-. Mo I . Mi c 
robiol. 6:3051-3063 (1992) . Gen Bank M12 
3 4 8 *3 i O^M 12999, Taj ima^-, Yeastl : 67-77 (19 

8 5) ; S . c e r e V i s I a e : G e n B a n k X 8 1 3 2 S c h a 
atf-Gerstenschl agei-^> Yeastl 1 :79-83 (1 

9 9 5) : M u s ni u s c u 1 u s : G e n B a n k U 4 1 2 8 2 : t: > : 
Gen Bank M 96264s M187 3 1, Les I I e Genomi 
csl4:474-4 8 0 (i992)>Reichardtfe.Mol. Bi 
ol.Med. 5 : 107-122 (1988) ;St:reptomyces 

1 i V i d a n s : M 1 8 9 5 3 (y/ 7 h - >^ 1 - * X 7 - h >^ V J^' h 
9 > 7 ,c 5^ - -ir, U D P - 7 > - 4 ^>iy- -tr\ is J: l/.^f ^ i?' ^ 
-■r'.,'--4f) > A d a m S J . B a c t e r i o 1 - 1 7 0:2 0 3 - 2 1 2 
(19 8 8) fj^mf^-^l-'So 
[0 0 8 6] 

UD P - G 1 c N A c 4 ' ^t: ;^ 7 - -tf (UD P - G a I NA c 4' -J-'-b:;- 
V--^) (EC 5. 1. 3. 7) (^LtLti, TJDP-G I c NAcc^UDP-G 

7^ o ^!<eil#gf-lis 5 , 5 1 6. 6 6 5 t fc:mm<7y r t o 



(55) f^^iEOOE 5 30 08 7 

[0 0 8 7] 

■^^^-fh fc^sb tcfOiW ^ tt2»o 7 r:i V ;v h ^ > X.7 V - icoi,^ -c<^ K'V - .5C 
V:4-f- K-Mli, GD P-7^-.7i-e*>^j , ^nui, ^kjg-r ^x^tcJttXft^-fini'e 
^:S»o %-^m<r>^^<^iS--<r>%m&r'%.r^-)&^j^X. G D P - "7 - fcSixT)-^' 
M(i. GDP- 7.rr-XHJ--< .'P^-M^^-T n - Kf^) 1 o.Ly,- hco^'i-W-f* 

[ 0 0 8 8 3 

ilifi'S,- GDP-vyy-.:?^^GDP-7--X (i.^g^ L^^^^fflm^t/lf^T o ^ 

c7:)Mm ii . G D P - v' > y - 7 * I- K -y r> - -rf , G D P - 4 - -^r. f - 6 - r -t 
^v-D - v> y - X 3 , 5 - J^t:..;< 7--?r\ f (i G D P - .4 - 7" (- - 6 - -r 
v)- ^ -> - L - i:^* ;v - ;^ 4 - y ^ ^ - -if ^^ - Kf ^ ^P'Q^ .< i: -b 1 o co^t-P3i#. 

7>^^GDP -7 rr-;;^H$ic^^L#^c yzizy}lh 7 > 7^ V .c ^ --If CO ^ colHim^ 
(D^^v-C: J: 19 . K^-- t LT G D P - 7 - .X -eJA^- < G D P > y - 

X ^ lUi.M-l L -C T"" -^^ 7\i?' - ^ 7 v ;Hb L# ^ » o 
[0 0 8 9] 

. G D P - 7 ^.x-^^^:^^ r3 - y^t^ E . c o 1 i ^K^;:^ 9 X -<7)^ ^ 
I'.t^'.f- :-"ffi5^!jfi> St evensong (1996) J. Bacneriol. 
178 :488 5 - 489 3;GenBan kSi*#-^U 3 8 4 7 3 {CSli^.S^ tL- 
Tv-.^o •-CDiii:^^-?-^ 7>"^ (i-. GDF --^y y -7.-r'y- 't'^-y -^K):i-t4> 
^ - 7' > 'J - ->-' -/ > 'yyi-- ^Sr-^tr ^ $ H-Cv^ ;2> (.k ^ >}- f- K 8 6 ,3 3 
-97 5 4 ;Stenvenson(^^ ml/I'.) o r c^^ffSd^^^S fz. 3 , 5 ^t" 

■V - ■fb.-fc J: t?- 4 - ^ ^ - ^m\^com:^ ^ ^'t ^ M'M =^ - - K-r ^ .+ - 7" > 1; 

^ >r > 7 - A 13- tf r i :i:3£{:: 'S: T :}L (PC T#"^ 

U S 9 9 / 0 0 8 9 3 ( 1 9 9 9 ^l?. 7 H 2 2 H t^WO 9 9 / 3 6 5 5 !:> i UT i> 
r^l^^-Lf-) ^ ^stoT. GD P-v^-.' -XT'li K7^'--t: (GD 



(5G) ^$35200 2 53008 7 

p _ 4 - -^r- h - 6 - -r .-t ^ V V > / -X) U-^-COM^^ GDP - -7 HJ- Xt-C^M 
U^&^ -(7)0RF (YEF B t ^^:g^tlTV^43) {i. .-J' .^]- -.^ F 9 7 5 7 
t 1 0 7- 2 2 i <?>Pfl {-.JA/B ^ ^l;?:) o Y E F B i)^ 2 -^(Tjv^-f M'(7^^coi&±'^^S 
-r^BI^,^^- i^'th t^t^^ ~<O^Mi<^'^^'-^ i. t7tli2-o<Dm-M'^\ GDP- 
4 _ ..Jr. ^ 5 _ y-^^ T,.-, >• y - X CO G D P - :7 :-' - .X '^CDi|S^t'-'j;i'^ i: ? H ;6 

(4. G e n B a n k Sffi'<U 5 8 7 6 6 i-^Mffi ? H^o 
[0 0 9 0] 

m.^x.mmi t/z. Man-l-P^GDP-Man (c|2;^1-;s> eu 7.i-;j7. j1< ij 
v-'H (EC 2. 7. 7. 2 2) I'-f 2. jiis7-^-^*#^o GDP -Ma 

n<7)GDP-Fuc <3^*fe|^^ g!ll#:-r S ±fC<^ =i> c7)<r) ^ ^ ^'SJ-S tti^ 
Wr^. .zcoj:o itmmt. Stmm'i<^rj:M a n - 1 - P ^-^m^LXG D P - F 

. E . col i : G e n B a n k U 1 3 6 2 9 . A B 0 1 0 2 9 D .'l 3 G 
37> D1 3 231, Bast. inra> Gene 164:17- 2 3 (19 
95)-. Sugiyama^j. J. Bacteriol. 180:277 5 - 2 
778 (1998) , Sugiyama?3^Mic^obiology 14 0 
(Pel) : 5 9-71 (1994)>Kidofe-, J.Bacceriol. 
177:2 178-218 7 (1995) ;Kleb3Lella pneum 
onlae iGenBank AB010 2 96. ABO 1 0295. Sugi 
yamae>. J. Bacceriol. 180:2 77 3 - 2778 (1998 
) :vSaImonelIa encerica:GenBank X56793 
^M297i:^-, Stevensonfj. J. Bacteriol. 178:4 
885-48 9 3 (1996) n'^^i^if ihii^Z, o .. 
[ 0 0 9 1 ] 

mmr ^ -t ^^y^j i^-^i-it-r =h rzit><D-4^'^m'Dim^i± tfz. g d p - -7 n 

^ {^^J Alt 1^75 ^ S ) o >1 (r>W^ (c j3 V ^ T . 7 3 ■:^ - -l-: J: c T 'J > it 
■fb-gn-T, 7::i-X 1 -*X7..r.- V ^M1-^o rc^^T::?- 



(37) •1^.?;2 00 2 53 0 08 

X 1 -*x 7-^.- h {±, .'5'~r^v>5' (GTP) t*}.:, GDP- 

V =z - k° -J * l' ^7--tf jsi/^TiSM^ ^a-T. GD P - V rt -^..^r^Jj^-liti-t-^ 
( G i n s b u r g . J . Biol. C h e m. 236:2389-2393 
( 1 9 6 i ) ^ J: f/R eitman. J. Biol. Chem. 2 5 5 ; 9 90 
0-9906 (1 98 0) )o GDP-7^-.xi^n:^^.7..1^i;-:?--tf:j- 

Haeraophi 1 us inf 1 uenzae (Fl e i schemann 
h (199 5) Science2 6 9:'196-5l2).feJ; V^E . c o 1 i ( 

L u i3 J: L i n ( 1 .9 8 9 ) N u c 1 e i c Acids Res. 17-4 
8 8 3 - 4 8 84)- {'-iii^ ^ il Z-^ o 
[0 0 9 2] 

(c ■ CMP --> r.'vmcos^) 

-> T ') )Ht)x}ic--C^ m -e-^ ^ com^k.mm.^i^^ re et. , C M P - -> T 

V4r-5'-'if (E C 2 . 7. 7. 4 3> CMP -N-THrfJl-/' -1 5^ < >El 

[ 0 0 9 3] 

1 ] 

JWwrOTurcM/wj.{GcnBanfc AJ0062]5,Munster .1,' .^Proc.Natl 
Acad. Sci. U.SA. 95: 9140-9145 (1998)). >|- (Rodriguez-Aparicio S (1992) J: 
CAcTTJ. 267: 9257-63), Haemophilus ducreyi (TuIKus S (1 996) J. S/o/. Chem. 271 : ] 5373- 
SO), Neisseria meningiiidis (Ganguli" o (1994) J. Bacieriol. 176; 45S3-9), 5 ^ 
•MM >l S ■ (Haft a (1994) J. Bacferiol. 1 76: 73 72-4),*J:i,<'.fi'. co// (GcnBanfc J05023. 
Zapata 5 (1989) J. fijo/. Chem. 264: 34769-14774). 

(d- #<^@^^). 

m^i-^y-^y^.- b^.y^i'' ut^- K!^V:.ls|^i-;i>-f[tiot: i-^?^<Z:*l|••e 
^f^;^.o UD P-G a 1 N A c u ;]< j?,?.). n ^--c}±, G a 1 N a c 
D P - G a 1 N -A c --O^I'^'rM^f So U D P - G 1 c N A c n ^ n f/ 



C5S) 

-^f (E C 2 . 7 . 7 . 2 3 ) li. G I c N A c 

c i^$k^-r^^ 

[0 0 9 43 

(£. subtHis: GenBank Z991 04 AL0O9126, Ktmst 6 , sxipra.; 
Candidn albicans: GenBaiJc ABOl 1003. Mio b -.-J- Biol Chsm. 273 (23), 34392-14397 

GcnBankABqil004,NGa tj ,j Ijiii ). 

1-;&c. Mx. A z 0 b a c t. e r v i n e 1 a a d i i is J: P s e u d o 
monas aeruginosa (i> ib^B9AS<?5 G D P -M a n 

h ^^^ikT 7^ t^X}*£'-^kWf y^T^h.Y^l'f) . ^tn L ti V '■^.Jt'CD GDP-Man>^?^ 

'^llH)J&^®-# L#2-'o Pseudomonas*3j; '^^A z o b a c t e r 
(D T - - h cotMjJo \t. G D P - V > - .X r K rr r - - ^fS: . - c?? 7-' 
\L Y D -c?'' -,^ - 4f , G D P - M a n ^ ^ T .'W ^- - h <7) K@ <r) bc Ig^r^'C ^ G D 
p uy'ftic^l^i-^ (T a t n e 1 1 e> ( 1 9 9 4) M i c r o b i o 

1. l40:1 7 45-1 7 5 4;Tat nellfe( 1993)J. Gen. 
Microbiol. 139 (Pc. 1) :il9-l27:Lioreti?>( 
i 9 9 6 ) M 0 I . M i c r o b i 0 L . 2 I : 4 4 9 - 4 5 7 ) o "^J^l ^ G 
D P - M a n f fe. K a ^'-j- - -if coiStife ^ =§r 'f ^ ^ t !'- ^ ^) > S)' 

aiMMSa J: 19 =b G D P -M a n ^M^-t'^hM&^'^^lU 1^^'"^ o i^^fl t 

LTGDP-Ma n =^'fi>^li-*^ h 5^ > X 7 j. 9 -^t - K1-;&%IfS 

-W.. ?Fli]m^i4SA^ T JL••-•¥•:^~ ^ (^-{^hli^ tt-t-'#ffl ? GDP 



•t*.?<200 2 5 30 08 

-l-P'IrUDP-Gl cNA 



(3D) -fJ-JiEOOE 5 30 08 7 

P -M a n ^Hr^^mMtm (mkif. G D P - F u c ) Kn^r^±^i^<0 X 0 

75;-! i?x.\-.<rjm-ii^^- y-r^ise^^*^AL#So ^v^-e. mh^tzM^Lmm, 

[ 0 0 9 5] 

m-m^ > u D p - G 1 c N A c <^-f!i.m{-^ <t , * y<D-&^^. m 

E. c o I iVLH^^-z^ myk^'^m-t=h—m<r>&U'^mMn> udp-gi una 

c<rj^zf^'- \'^~') .7'; y<D-mW.-it^^<0^'^Km-^'t^ (M e n g i n - L e e r e 
u 1 X e> ( 1 9 8 3 ) J . B a c r. . 1 !3 4 : 1 2 8 4 - 1 2 9 0 ) <> ^- l - c^' 

•u N Ac h ^ ^ X -7 V - -tf ^|fflm^::^A f J: MH&i-- <t: -jX^^ 

^t^^i^&coUD P - G 1 cNAc^. Bfr^f^G 1 u N A c -^^r^- V ^•^to.^t) 
t^.^.HJ L#^-.o ^^VM'±. UDP-G I cNAc 4' -^t'.;/ ^ --tf* - S^f 
S ^jitI:-=f<7)i»A I- J: . U D P - G 1 c N A c ^ U D P - G a 1 K A c -^ISJ^I" 
J& C: t {:: 4- ^3 -j^<v^ "C. i co U D P - G a 1 N A c . lU-O-dLtc ^ /c?!?/. H?^ 
^'i-Wf^-ISfSi^ti J: oXrr- K^:H;&UDP - G a INAc h v >X "-^ -c 5^--tf co 

[ 0 0 9 6 ] 

SiJcofiJi LT, E. c o 1 i E s c h e r i c h i a a p. fi^ SrIilS 

•P - 'yy JVm^'^W.^^ ( V i m r *5 i IKT r o y (19 8 5) J . B a c t . 
16 4,.; 8 5 4 — 860;Gonzalez— Clemente'^ (1990) 
B i o .1 . C h e ni. 3 T 1 : 1 1 0 1 1 1 0 fi : C h o ^> ( 1 9 9 4 ) P r 
0 c . M a t ' I.Acad. S c i . U S A 9 i ' : I i 4 2 7. - i I 4 3 1) 

„ V r '} ;v \- > 7 J. "7- -tfjfiis^ * :: tL ^ ^ ^ t x\ .k-^. 

9 > ^ (col a n i c . a c i d ) {i ^ :t . iw SE'^i: G D P - 7 ni - x ^1: 
-f^fflUTv E. col i i oT)^^k;?-|L;&o •^^lto•r^ GD P - v rf-X'r)^ ^ 
zy^^-^<n1^;^i^Km^-t^WM^Diri\^.tr:tim (^Jx. tf. GDP -M a n 4 . 



(60) tSaa 002 5 30087 

6_.7*liP9^_^f: St evensong (1996) J. Bacterio 
1. 178: -1 885- 4 893)0 
[ 0 0 9 7 ] 

A z 0 r h i z 0 b i u m, B r a d y r h i z o b i u m> R h i z o b i 
um. *3 J: 0= S i n 0 r h L z 0 b i u rnMl-M-r^ai*Iti, iJ'K^-f:!-'; '^m 
(LCO) ^^*L#So r*iJb<^<iS<^/>4' < t 'fcv^ < -PTi^t'-^t^-C, •y'r^-x 

V .'W > 7 > X 7 J. 7 - -If^S - - ? tl & (M e 1- g a e r t ^ ( 1 9 9 7) F 
EBS Lett. A 0 9 : 3 1 2-3 1 6) ^ Z(^V^^~^)l^y9>:^ 
y^^j- -tf(;o?Stt^<!&^-r ^ r i: o T . .Ic^j^fflmt- i o TjS^k ^ tl^j G D P 

MM x^mrci ^ # o 

[ 0 0 9 8 ] 
[0 0 9 9] 

Ajotobacier vineliindii/GDP-'Msn; Fseudomonas sp.RJU?-Q\c and G.pP-Man; Rhizobmm 
573./UDP-GIC, UDP-Gal, GDP-Man; JErwiJi/a j;7./UDP-Ga!, UDP-Glc^ Escherichia jp./UDP- 
GIcNAc, UDP-GsJ, CMP-Ni:uAc, GDP-Ftic; Klebsiella ^p.AJDP-Gal, UDP-GkNAc, UDP- 
Gk, UDP-GlcNAc { Hainaddi S //^r^nirn. 64: 528-534); Hansenula 

jadiniif GDP-Man, GDP-Fuc; Candida fomata/UDT-Glc, UDP-Gal, UDP-^icNAc (Ko 3 
{\99€)Appl BiocheiTL Biolechnol. 50: Al-Aiy.AcEiobacierxylirmfw'GDV-Mdsi (Petroni 5 
(1996) J. Bacteria!. 178: 4814-4121) ^'^li^SaccharoTrryces cere\isiaeAJDV'Q\i^,l^^ 
GDP-Man^ GDP-GlcJ'TAc. 

A u 5 u b e 1 . S amb r o 0 k. isXV^B e r g e r (-^rTtirtB) K^m^ 



(61) •fj.?<2 00 2 5 3008 

.[0100]. 

tfzii:?^ ^ l^-^y-r^ ^Bi L.# , ^: n (c i ^9 > mf^'O'Tym * ^ i -r 2> tL 
-'F;^. .'I'- t7 > X 7 J. 7 - t fc lijcn^-t^o ^-^ ^7 ivm% t h % 

ti\ ;t.i^#7&^U D P - G a 1 is i ?;'U D P - G. 1 c N A c ooirtil^j ^'t. 1";^. ^-ft- 
. Ga 1 h 7>X7^. 9--l?*5<t ?^G 1 cNAc \- y V 2.^ -Azmts'm^"- 

O f?y i: L X . itt?*?!'^ iWi V V JK7> U T P * #^k-r^ , U D P - G a 1 
<}:0«UDP-G 1 c NA c <^.^*<7>/ie6<7)&^.^^r3^ >^i-^?tf5^, ^-i^O^l^iG 
a 1 ->-y >;^7^-^--tf*5J: Cf G 1 c NA c 1- v ^.x 7 ^ - -t- ^ if - Y'fh 

[0101] 

(3 . ^yN'iJ'^) . 

V .-^ ^ - ^<nnM K > ? n# s o #^f^ife^oMi^. Y'^■iy\t. Mx. 

K is ft ^ 'Jim ^ M^Sl-r ^ ^ ;t f n v- ;u h ^ >• ;7, 7 .c ^ - -t: }c |^ ^- -|> ^ 

^ M ^'^c 'I) o M x f . ^* ^' f y >• .X '7 y - -if ^ - y ^, >; >. ^ 



(62) •t:J-?i2 00 2 5 3008 

^^^na. 1 9 9 9^en2A Ut'W0 9 9/3 1 2 2 4 i: LTTUtT^ tl-^t P C 
TWSttbMP C T/C A 9 8/0 1 1 H 0 
[0 10 2] 

(4. mMrK.m&^'Dmm) 

>«>-7.c^--{f^=r'- Kt-^5-'i-W#iStE:^^x ;U=r v'jP > ^ > ^ "7 .c ^ - -tf co s?) 

K S-e^ ^ .5C .-5' .t FIS'S: g^il" ^ ;t: ir>co&?^m. J; m\-%'^^m^. 
— %\;y;y^-^ts- o > =r -> f ^ > v . c ^ - {± > ^ v -.f- KM 75- 

[0 10 3] 

if, 1'^ J: o T n - ^ -K ;i) t tz \± . hjd O J: ^ V t\ -f- Vm'^M-^. 

[0104] 

-ftJ^W V i^i-H-r*^ U ^ i/> h -7 > X :7 :ji V - «l: ^-r - K'^ ^ ',i V >J- f- 

^ to . -e L T # ^ 60 }S.W fii^ L X 4^ ?^m<o ^< - K: liC.W 3 tt# o J® # > ^ 
•tR ^ ti. s '/ 'J ^- - - ^ ^ CO / u -t- - ^ - ^5tTfr1*f t ^ *L £^ ^ fli, t-; W ^ 

^twimm^'mm. tMj)>mmttz{imx,ii. mmsim. mmmm.. iyL<mi- 

o:>MV.'-li-, A 2 o t 0 b a c t e r s p . (-piJx.fi'-. A. v i n e I a n d i 
i ) P s e u d o m o n a s s p . s R h i z o b i u m s p . > E r w 
inia sp.-. Escherichia sp. (Mix. E . col i ) 



(63) if5.?i2 00 2 530 08 

^ ^ J:0*'K 1 e b s i e 1 1 a s p. i}^mfi^fi^o -co.Wfi^ ^U<0\^^ < 
o^.^oJi-e^ •9#-. ^H.f>(C{±, ^^ju -fc:;^,^ (Mx.(*. S, c e r e v i 
s i a. e) . y-J ^'M (-^Jx. {i's C . u t i 1 ,i s . C . p a r a p s i 1 p 
sis,C. k.rusei,C, v.ersatil,is-.C- lipolyti 
c a ^ C . z e y 1 a n o i d e s % C-. g vi i 1 1 i e r m o n d i i . C . 
albi cans^ :BXC^C. humico la) t'^T (Pi chia) M 
P. farinosa^sJ: UP . o h m e r L ) . b JV-ny'zy^m ( 
T. c a n d i d a > T.. s p Ii a e r i c a > T. x y I L n u s , 
T. f a ma t a> isXZ/T.. c e r s a t i 1 is)... x-^-^'U -fe;7. (d e 
b a r y .0 m y X e- s ). S D . ■ s u b g i o b o s u s , D . . c a n 

t a r e I 1 i i ^ D . g 1 o b o s u s ^ D . li a n s e n i i , i3 J: C^'D . 
. j a p o n i c u s ) , 'J ^-f'r * n -t- ;^ ( Z y g o s a c c h a r o m y s 
e s) (^Jx-tf. Z. r o Li X i i .tiitJ'Z. b a i I I i ) ^'^V-f '-tD ^ 
■tJX (K 1 u y V e r o m y c e s ). K. m a r x i a n u s ) ^ 

^^ > -t ^ 7 (H a n s e n Li I a ) (-ani/c. fi\ H. a n o m a 1 a ±3 i C^^'H . 
j a d i n i i ) ^ V'U -?' y -X •Hr;'^; (Bret t a n o m y c e s ) (Mx. 
,B. lambicusiaJ: VB . anomalus),i3j: a'^/i zj ^d-^-^Mf 

[0 10 5] 

-fa^r- mucomm v -r j i ... m-:^ r^-e^^^m. i^rt s ^ # 4> 

t fz am^j: ^ L < fi ^ ^ P> ;i> v" u qi- ^ < 

^' n --t - - ^ L # ^ o • -10% c^; fife.ffl ?^j--!6 '7:>i;^*jj ^ t3| gg fili r/ r? -t - - 

{f. V 7 7 7 -■tTrW -i^ v> ^ ;v X (C a M V) 3 5 vS '^'^^t^-^^M.^ 
J: xi^ I T'n-t — ^-^W!^.-. Agrobacterium tume facie 
n s COT- D NA|ll:$:CO 1 ' -tfz.\t2' -rfu^—^^^ ^S: t, 

a -h; — — I-;: { , F i g o r t -HI- ■+f -f y C -< f^y-^ > 7' ^5' -7- "y/ u ^ — ^ > 



(64) Vf^ZQOZ 5 30 08 

nop i ne) ->> -Hf V'u-^ - ^ - (MAS) \\\^(r)%^.^(n^'^-/u 
^-■i}m^fhr^-y^o -ft6[cDt#^i%tjit?7'n--&-3^-{c{i, #{c, A r a b i d o p 
sis (Sun*3J:a^Callis. Plant J. , 11 (5).:1017 
-1027 (1997)) ^■^<Dp..^<D:'-'i^^cf-ytfz\tr^^):i-'i^^-f-'y<D-:fn 
mas, Mac ttz\tT> o ub 1 eMa z (Oy-o-it- 9 - {^U^f? 
, 1 0 6, 7 3 9 .te J: C/C 0 m a i Plant M o 1 . Biol 
. 15:373-381 ( 1990) r.-i^-^.^Hh) ^'^ t:>ZfiZ^m^i--<2:^\<^U 

Mk.ii:. Arabidopsis **<??A CTll (HuangP^, Plant 
M 0 1 . Biol. 3 3 : 1 2 5 - 1 3 9 ( 1 9 9 6 ) ) , A r a b i d o p 
sis**iOCat3 (GenBanktriU43147, Zhongf^sMol 
. Gen. Genet. 251:196-203 (1996)) > Brass! 
c a n a p u s \\\^(r)m^^^- ^^-'-r T u ^ ;v- T V T >^■■^^•^ K 
x'-f- fr- -I. f7 — -tf (Genbankl^X74782-, Solocombe^> PI 
a n c Physiol. 104:1167-1170 (1994)). V ■•^^ 
n:j -y^^^G Pel (GenBan ktfSX 15 59H,]J/larcinezp5> 
J . M o 1 . Biol 2 0 8:5 5 1 - 5 6 5 ( 1 9 8 9 )) > h >^ -t n r:? -> 
Sli^lc-C) GPc2 (GenBank-5fiU45855.Manjunatht^, PI 
anc Mol. Biol. 33:97-112 (199 7 )) fj^m^fhfi^ o 
ffi tl i-UL'Z^m^J: '/ u - J± . -/ U ^- - ^ - Ji^ffl^^j is V » T ^1 £h5 X- ■<k> ^ 

:zh7y^{h^r^X^^h. ttti». ttti'^/'f Ji^x. t ^(■i:'fi^;.m.+.lt!*<7:>T i - 
-/-7 7. --i K i ?t fi R i - -/ 7 X 'f-d- H 2. o Ml/ \^ ±5 v^T-lltfe W -e^fc ''J > 
t<£o T2r-^;&Hj^.:r;:>Ti^-r-<7:;^sii.ffl iCgM-^?-*; ^MT*!'^:) 7"n - - (i . ^ h > ^■ 
■y -\z ^ — -if 7" n - — . J ri 'J > V > - 7" n -t - ri? - ^ -13 J: o^x-' / y 
y- y -fe - 4f 7" n -t - ^ - 7)^-^ {f f> n >i o M 4 @ t^W ti <:7? -y' n -t - 3^ - (r {± 
, 7- n - X - 1 . 6 - tf 4^ X 7 J- - I- ( R U B P ) JV.-f^ ^t- v 7 ~ nr/h+f- 7':=- 
-.^y > (ssu) yu^-^-, a- -3>i^;b^)^--y7"uq:-^ 7r-lf.i-li 
;y 7° a - -J' - , A D H 7" a ^ - ^ - . is ^ ?>v*-> 3 i> 7' P •h:- - - i)^^\f h 



(65) t^f^iaOOZ 5 30 08 7 

[01063 

E. c 0 1 i -^C0'\tm<?)rci^'7)yn ^- ^ -IZlt, T7,.trp. ttziiA(0 

■ 'yifi'}i-iittz. mmmK o t , mm ^^^^^ nr^y 

itfS^, S V 4 0 , -> iSu >•> }U7.Z£ <f y > ^- . i O'** V /• 

i^- > 'Xco K - ajf ij 43 J; O- T i^-^zy'^/- El^lJ ^ ^ ^-e ^> J: o 
[01 0.7] 

mm~i5'^^'^. m.m'^rfV'-E-i^-Klt. GAL1-10 (Johnson^S 
i:0=Pavjes (1984) Mol. Cel 1. Biol. 4:i440-i 
448) ADH2 (Russel \ h (1983) J. Biol, Chem, 2 
5 8 : 2 6 7 4 - 2 6 8 2 ) P H O 5 (EMB 0 J . ( 1 9 8 2) 6:6 7 5 
- 6 8 0 ) ^ ^bX Z/M Fa (HerskowitzjsJ: Z/0 s h i m a (198 
2)The Molecular Biology of the Yeast. 

Saccharomyces (Strathern-* Jones, is J: V-B r 
each ilB) Cold Spring Harbor Lab. , Cold S 
p r i n g H a r b 0 r ^ N. Y. , 1 8 1 - 2 0 9 H) 7}^^if hii-^i> o W-M- 
X^fit^c7:>f^ie)(?:^S!|cQB-t^;'&-/n't-^-{,t. Cousensf>, Gene61 : 
265-275 (1987) V-'.^W.-^ ^-Z-^ X 9 4-AD H 2/GA PDU^^^yV 

. (M c K i n g h t *gl#it^.4 , 9 3 5, 3 4 9 ■?■) t--*J- LT, ^sm^j:-/ 
u cc- _ ^' - <om K ii. A D H 3 y'u - - (M c K i n g h t f> , E M B O 
J . 4:2 0 9 3 2 0 9 9 ( 1 9 8 5 ) ) .-fe -J: CP' t p i A .^' n -t- - <o J: r 
'SjA s p e r g i 1 1 u s n i d a I a n s iPi^MjtfSrf^feJltiOy n-t- -i^*.- 
P>n^o iS-^JJa ^ - 3^ -C9fim. AD H 3 - -\ ^~ (M c K i 

n g h.t h) "C$.^>o 
[0108] 

< O i-- (D JSif^ (-:: 33 V ^ T . 7K «; >< {/ V :t --.h K (i . a -C— -^^ - o f l| 



(66) •f*a2 002 5 30087 

lc|;^iit--^S^-^^.51:.?l<3D.^-f < >:^''^t'J'»flll-#«.o E. col i J;a'fl&<7)M|il 
-L «\ 1 a c 7° D -e - ^' - as^-if h o iS?;«£iit/o5Sm(0 it> 60#t;: » i L 

galE) S*c^yn-t-^^-) o 1 9 9 7 4^1 i.^ 7 ni::mM$*L7t-)15@#W= 
08 /965, 85 0 ^ tc'Cik!; ? ti 5^ ic^-M c a c - g a 1 7' a^'-e - .^^ 

[0109] 

Li li 1 e m e i e r h ( 1 9 8 7) Ann. Rev. Plant P h y s i o 
1 . 3 8 : 2 2 1 lci}lffl§*L>i##:>cSI;^#M(7:)r i:) . --cLTA r a b i d 0 
p s i s t h a 1 i a n a <^ 1 , 5 - V 7* d - x e x * .x "7 - .z.- .'kd?-^ v 
9 _ -/J. r. -.-^ h 7iifS-i=-c7) -/u^--!/- ( r s s u J -/ u ^- - - ) ^-^t- 
„ ^ico-T-n-^-^-fi. ifc-^figtilt. (E P 3 4 4 0 2 9 

) ^ m Xim^a. Arabidopsis thaliana(Krebbe 
rsfb (1988) Plant Phystol. 87:859) <D^ymm\^ 

[Olio] 

U <r) .1-: ti # \-- %\ i- ^ i^5S-I-^li-7' n - ^ - }± i . ^- /a^ I tT" ^> ^-^ o - H 
I'irt. Mx.f*\ T7 fc:V-7> v'■uiC•'-^''-^ 1 acZ-/u^-^-, u ^J- 
^. ,f > y D - - >^ - , J; a'v,Ac V 2 ^7 T' a - - . 4- i;: jtii oo v < "/ a 



(G7) 1*^2 002 530087 

[0111] 

ft -> ;v tc-('^i!}crigt::^^^ ? d iKicd ** U 3? Vis: H'- F^P;tsmi&'i^^. T 

7}<m^'^^i^^^<^ D N A #,3Z LT ^^-r 2. ^- 1 ^lism^ 't mm tr^, »9 , ^ 

^ o ;c t±\ 7"!/ .X K p B R 3 2 2 ij± . (5 <!r ^ ir cA) G r a 

^i^-^'riS' - li > p T G K f ^ . ^ CO p T G K li. t a c - g a 1 Vu ^ 
- - 19 9 r-^ 11^70 iCtB-IIS n7t;iiFIif$f^aTO 08/965 

, -8 5 0 ^-Kt^U^ tl-?.o 
[0 112]- 

o ^ooMl^O^-ttffloo^cJQi'-.:, SSIS^cotS^Citt^ (^^J;tvi\ E .a s y P r e p 
J •> F 1 e X i P r e p J (wCOMtTJis Pharmacia Biotech 
kz.J:Zi') : St rat a g e n e <?:) S t r a t a C 1 e a n J ; ^ J: C^^Q I A e 
xpress 'Expression Syste m.> Q i a g e n ) o ^<''^ 

■t^ fziD\''-$i^.-&->l.- ^ LTlflliJk^l' yy X y' h "f 7t «i tCi$,i+J ? ;lr^o S 
t r e p t om y c e. s ^ /^(±B a c i I 1 u b (D^^ - rX-^^ £ fz^ nj|g-e 



(68) •t*.7<2 00 2 5 30 08 7 

[0 113] 

Mi- s 7 X 7 J. s ^ fL.fcm^m)i^<D±'{f- 1 ti\tMW.<D tcJ^^K'^^-^ t $ 

t7 •>< X -7 J- h ? ti^' i/^-mi»ati:. 3. (Dl^mit^yiiX-'^U L ^Sl-^^o 'ft:SDU4^^#i 
(± > T > ->• y > t- "f -> > X >:? t- "7 V > .-i? o -7 7 - c r. n - ;v 

- L$^4T (Mx-t*. Bac i 1 1 It' oi/^TD - T ^ ^ -lrv--^r ^ r:r 
^hQ'CK^nW-.-^t^^^. 'Pl^i'i". E. coll ^ 7^^f±{(iioMJi'^'e.iiigi-^-> i-^^^^#< 

'->:7 — fix. -Jj-t-^^ l^-yMfp.'^—'-J^'-'^"'^^ (V i e i r aisiO'Me s s i n 
g . G e n e I 9 : 2 5 9 ( 1 9 8 2 ) ) o frDx. {if, * ^ > J^^^^-f^fflT 

>i i i: f ± . r V > ilti J: 0 ^- sfc i-; ( 4- -^f 4- h «\ 7' > v V i4 , 

jg$^.,o:±i ^mm l> ^ - ^ * v\i!!fl.rdi^.)+i v^t. c: oa^^t? ^ 3g*ij tigm 

[0 114] 

3^ - -r? ;it(5^T- ( D H F R ) . i- -J y ^- ')■ ~ >H jt/ST- ( T K ) , tfz UWi}^ 

-^i^--^ 1 7t{i>i;'.- n v-< V > ^.HX/^TUI^^ i'L^^ n e 0 ■■?•-<-> ^ * 7x 

V V V .-^ 7--4f) ; ■/ y Y V^-i;-- ^ ^.fTJv^Til-lR-^ -n-l^/S D H F R (->' 
t: Y a-^i^^} -r 9 — '^) TO^^IS-if (Mulligan & B e r g (1 



(GO) 1*35200 2 5 30 08 

981) Proc. Nac' I. Acad. Scl. USA78:2072;S 
o u c h e r n &. Berg ( 1 9 8 2 ) J . Mo 1 . A p p 1 . Genet 
. 1 : 3 2 7) o 
[ 0 I I 5 ] 

'^v-f v G 4 i 8 ■> •^^ v.-tv-r -^^-nv^v t fzii^' u 1^ y 
:^r.=r-;v<x-) J: 0 ?t{ita:^.t)®!'^?ti-^iit't:*.. ^^VMi.^ d;u.;^ jU7 

n^- (c h 1 o r- s. u I f Li r 0 n.) t TtliB a s t a coi 9 'S:|^.?:MiJte^-^ 
x.;i.o -7- >i*i- ^ =r - KS25'[|«ofiJI±. ^:4^tlM>!7 "t-^-f > 
Wtt^Ox. ^> :t •v-i' i/v- d^.X ^ > V >• .7. y ^-7 --^^u- y-tZ^ n e 0 Jt 

f5¥- (B e c k f> ( 1 9 8 2) G e n e i 9 : 3 2 7 > ; M^^^^ ^'viw^f v > 
^< > -7 .X -7 j:. 'J - ~\1 ^ r-J - L ^ L Tj£&|?g :l^v^ -f rJ'" n -f 3>- > tclttt 
^^r^i. h y g (G r i t z i3 i O'D a V i e s ( 1 9 8 3 ) G e n e 2 

5:179) \i£h'OHL li^^su-f b-A-#j -e^g) s ;^ v y y >s ^; -> > ^ i h r 9 y 
:a r-ij'tt ^-^ ^ ^ * V y y X v > r 4r ^r- jv h 7 >■ x .7 v - -<f ^ - >'-t 
S b a r i^fZ-^ (E P 2 /I 2 2 3 6) o 
[0 116] 

{iDHA:7^;^";>{ > hti:, 'il^W t ^-l^ x < Ftm^^^^fcioi-.'.mW.-S-h.?^ 

^ SilfJil- ^ , ^ ^ y 7 ? y (i ^ ME^ > 1^' 9 V T - Hf coM-ft-. i6 i 
r>Vi ;c(i<£-Sa^0ljvi(-l*9 aWiJi^iiHi- J; ^ J: o i oX^htf 

- V.-^•"0:^^|i^:/^ LT^^^t(?^7'^*^<^'6"vS^^ B e r g e r a n 

d K i iiirn e 1 > G .u i d e r. ,o M o 1 e c u 1 a r Cloning 
Techniques^Met hods in Enzymology> 152 



(70) n^lZ 002 5 3 0087 

•^S Academic Press, Inc. San Diego, Ca (Be 
rger) :ioJ:t>'Currenc Protocols in Molecu 
lar Biology, F. M. Ausubel6)fS^ Current Pr 
otOGOls>Geene Publishing Associates, 
Inc. ^: John Wiley & Sons, Inc. (1998 Sup 
pi e m e n t ) t (Og-iTf- (A u s u b e 1 ) E/Ii □ 
[0117] 

Wcm^-C^^o m'^l'~is\'-^'C ^ \J - ^-r^h fzit><n^m.<n'''<^ - Kit. p 
BLUESCRIPT^"<?>J;^4-pBR:S2 2 mm-<^ ^ - . isXax-yr- 
-J^t^m''<i7 ^~i}''^ifhn-^<, WJ^r- #3 tj- .^-I'~fi, Yeast I n t 

e g r a t i n g -7 V 7. K (l^Jx. Y I p 5 ) --fe J: O^'Y e a s t R e p I 
i c a I i n g 7^7 X ? K ( Y R p^T^? X ^ K) 4- f>t>n:: p G P D - 2 ;6^#tf 

LTM ^ ^ tL.f>oo-7'^,x ^ p S V 2 . p B C 1 2 B I . 

p 9 1 0 2 3. rj:(^7>m-^m'\^.0.,f }u:x,^-<^ ^ ~ m^i^> -7 r^^ v T --f 

, T -r -/ ^ -f Ji' .X . is J: 0"/ i^-:l-T^ry }\, .X ) . .-z. i.^" V - .'o. ^ ;u X •'^ 3^ - ( 
M -k. -> to -T'LsK.ija ^> "f "s ) . ,1-3 J: O'' i-- ti >-;.; .IV- X '7 9- X. i'^ ->? 
.X CO V Mn >> ^' ;v.x ) ^i- <> 

[Oils] 

(E . c o i i * -^tj^ ) \~ -. ^ra^t r;? ;u >- ^ i-r ^-yt>% ,l$Af4 J: o T 4? 
A § n t^- . L , <; > m /i? > 'J a i-c ^ i}^^ •^tc\t X V ^- Mtt .is" 

V - V 3 >• t.- J; -j> T A IS ^-J o 
[0 119] 

(B . i-ci^SfD-e^^s. w.^'&^t-« fzib^ohm) 



C7i) 002 5 3008 

t L xaij^-r 2, >^ 5^ ^-mm-t.^^ <> iv^ at re. ^' 

7'- -fe 7" ,^ - =gr -^tf o 
[0 12 0] 

. ^2^14 '7' T7 -t - - COm-HT *J ^ o ^J-/'^^' ^ ..'V :J > >. > .X 7 y - -If 

[0 12 1] 

'^Wtt^z-f-^ J; d l-I^^Si tL;s>o ico:^^\)v:j ^^^^u- ]- y >- .7; -7 ^ - -if is J; <?5 
[0122] 

% (?.!ff*isffi/«) i:5 0% mmm^/^mm oym-c^n. x-^r'M'tLut 
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[0 1 2 

■^f \zn L ts-l:jj 4' T i> -ir 7" - ii . —mz . g a i ^ ^ l-cMx. , 

G a l iff W 3 G a 1 N A c > 7 i?' - N - x f 7 .t - > G a 1 ;? 1 ^ 3 G 1 
cNAc^ Gal,5l-*3Ara> Gal^?l-^6GlcNAe^ Gal,?l^ 
^ G 1 c (vii' . G a 1 ^ 1 G 1 c /? 1 - OC H2C Hj. Gal/? 

1-4G 1 c^l-OCH2CH2CH.. Ga 1 ^l-4Ga 1 ^l-OCHiC 
oH,. G a 1 y2 i-4 G 1 cNAc. Gal;? 1-OCH.. ^^}^^-7.^ v 
y .,f ../ - x , ^ -^^ -t - .X , ^3 J: O^y i^' h - N - ^'^ >1- r f y ^-J" - ( L N n T) 

-A-ti 'tn^M ^ *t a -> T 'J Ji-- > 7 > .X V .c 7 - •€ V- T ;Vft ^ > G a i i , 'I 
G 1 c N A c m-f[|t;-> "/ ') Mb7/ >P*'^~> V-- hfSju«*^-> T-'VmJ:- 

l*l|F.i-;& :S ^ *^fi L 2 1= n I' ?f ^-q "tf- 3 :^' u ^ > iJ'* ^ 

L . cnn. 1^ i-± . V ft ^ . > n <r> N m-^n fj )v -if -> V - ffi 

H#-r.r t;&^*siE? ^L-Ci^^^o r -^-^^y'^-t LTG a l l , 4 G 1 c N A c 
[0 12 4 3 

: Ti? -tT^'-^H^ L"CG a I ,? K 4 G 1 c N A ci^^^S^fSffli-^ 

V- 7" 'J h ^ > 7-. 7 — -c) 
[0125] 

[an 
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STfiGair 


^'1 IL -5^1 


NeijAca2,6GaI^U4GIcNAc- 


1 


ST3Gal HI 


% % ^ 


NeuAca23Ga]j3i;4GlcNAc- 
NeuAca2,3Galpl ^GlcNAc- 




ST3Ga] IV 


t '0? 


NeiiAcct2,3GalpI ,4G!cNAc- 
Neu Accc2,3Galpl ^GIcNAc- 


1 1 


lsT6Gain 




NeijAca2,6GaJpl,4GlcNAo. 


2 


1 ST3Ga| V 


N. menin^itides 
M gonorrhoeae 


Ne(2Aca2,3Galp 1 ,4GJcNAc- 


3 



1) Goochee . (1991) B/o/TecAw/og^ 9: 1347-1355 

2) Yamaraoto 5 (1996) J. 5ioc/ie»n. 120: 104-1 10 

3) Gilberts . (1996)7. Ao/. CA^tj. 271: 28271-28276 



-> r V I- 7 >' X 7 9 - -tf e tr.<^Yi!-- OV^T. T s u j 1=^( 1 9 9 6) G 1 
y c o b i o I o g y G : v — x . i v CO Cl i: ) « 

[0 12 6] 

^!fi^O)JE^^>t±^ --il-T) -if ^f- > (M^ f^s M g ^ 7t {±M n " ) ^ ATP (C 

tJ , > 01 >}- > i3 J: U^m -Pr^^i^ r^coVx^ -b x !c lE&ffl ^ tL 
^TfS^ 4'R.l.t;-f*<Dil;.^^ /iJi:M:Li. R,lc.;#:# (M/l{i\ J: a' p HfiM) , 4' 

ib ji'-^ V u V jv-fb ^ r ^ 4.' 7' ^ ~mm<Dm.^^ x o^a ^-^tr . # ?^co 

o n * /t: (± S D S ) ^ ,-]3 iiXfy^m^M. (^J x. ^ ^ y - tz f± ./ - ;u) 
I C) 1 2 7 ] 

1.1 or, L<{*, f;j2 o'c-^js or, ^7^,:(i, mMi-^m^^-^^^r 

[0128] 
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[0 12 9] 

I: pC<7) n '^z X \z X-^X^^^-iifzm^ 14. mWft i> :i t <^M ^ fi^^o 

v^o 1?iJ/^i±\ mMM {<L<L'C\ ^(omt. *t] 3 0 0 0 -$t>C> 10, 0 0 O^0&-f 
. ^^y^^t^i ( n a n o f i l t. r a t i o n) f 7l:{i^S^'&%)M$ffl ? i^T. 
H / 9 4 7 , 7 7 5 -^3- ( 1 9 9 7 4^ 1 0 ^ 9 0 ffiM) ^#^0.- t ) o i-^mH 

[0130] 

2 . 5 mU\^±.. § f> J: t L < ^5 5 mMJil_L<^lS.g:T:-i^£ ? ;n.. L 
[0131] 



(75) t^^aOOE 5 30 08 7 

^ \i , i^4ri: 2> M n v jV S 7 > x "7 j. 9 - -If *s J: 0^,*J-)St-:S ^ 1/ 5"- ^ ^ 
t tz iim^'Tj ^fU>ti~ KMi5. J: V 1 o]il±cD 0 y K^S-^^ &^-r ) {i 

. [01 3-2]- 

;i, i4j mit^ (mi X. a\ PEP. r ^ ji- x 7 ^ - > , a t p > ^ > 

^^^^in-^sci tici-^T. Yfr't^'fb? ti^So -t^i-oT^ W-^. <7D;t:J6^ ji^-r- 
(i> (M;t fi\ .c^'" .'W ::i - >; . y > - x . > - . q - ?5: t') 

. 4^ ;^ V ;^ - > . tf ju - f , T ;v 13 - ;u , flgjKi s fz \± mmm . r y m ^- 

i-'T) J: ^ 5S: if-T \^ X 0 ^tt ^ ^ o <^ )^ 1- v .X 7 9 - 'r -f ^- Ji- \t . 

m:L if. ^M'Wt^■W' 5 , 8 7 6, 9 8 0"^. 5,7 2 8, 5 5 4 ^.fe J: O-ImJ 

^- 5 , 9 2 2, 5 7 7 -g-, i^.C^^^r P C T>m\-W^ 9 6/04790 i::f5® 5^ 

o * • 

.[0133]- 

o {^1J ^ , -ij-.i' ^ K ?£<2c 'jr ^- V -A 'J > It ^-^JjJcI" ^ ^ff -, 0 

{mk.i£. in 8 A:}3 J: a-8 B ^^Wio:: t) o 

s C 0 r y n e b a c c e r { urn) t E. c ol i # (^::lKi, G I c NA c. 
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■tt^tf iUD o M9 A^;:.43V^-r^ C o r y n e b a c t e r i um-1*l4> U 
D P lb U T P ^ N f/^ U . V V - ->■ > ^ > 7 - -tf iji .56 (^^^^^ E . 

c o 1 i {CiittSSS^; J: oTifetb^tL^UD P fi, C!:<?>C orynebact 

^r^. ^LT, -^Jxf^", Gl c NA c is J: Cf'v h 

<7) M',:?fiM^^^» ? P.. ^ <r>m K i3 {i. L N T - 2 "C^ & o !^ 9 B 

C 0 r y n e b a c t e r I u rni±±6>^^ C T F 'S:f\'.J&-t1r\ •Mo'C 
, CTPz^y^z^-^mBrFii. CTPcDTr^^WTSWdLt-^A^^K-^o C 

TPfiE. col i mmi-wM-^ ii-^ E. c 0 1 imm±. m-pr^ y^^^^n^^^ 

V>'Xy J- v--tfc?)|!)«i^ ^ >^^'CMP vTJV|t-;''>'•^r.^' -^r<7>WF.^-f > 

tL:&o G 1 u i/ -•tf.-|3 itf'N e u A c 7'> YV--^^'-^- K"^^ 

;^;^7.c^ >.43iO-XMP^«'t LTis.lLt:. CMP75-f.CTP 

^ ^^.-^ :i> i6 ffiffl ^ :i> o 
[013-13 

( C . IR.^ -XL IGJflais cfc SA-fr tf ffl Tfe) 

.*^^<^>-;7., GlcNAc. G a 1 NA c > -r^y ;u =r ^ ;^ J: ^ ^ 
Co 1 3 5] 



(77) if*.?;2 00 2 530087 

bc c^ii-'rVtj i5 X L^um a > -cSf s v- ^"mm ( t ;v 7s . a v- )^ 7 

cJ' G a I.NA c G 1 c N A c v ^ f - .X , LNnT> L 

NT. LNT-2, 7r3v;V-LN nT, 7 r:r -> JV- L NT > ->TV;V-LNn 
T (LSTd) , ^rV^i'-^LNT. G a 1 N A c ^ L N n T / « 1 . 3-Ga 
1 -7^/ h-x, a i;'3-Ga 1 -N-7-%f"-;V7// h^<'y. STn-WSi. 

[0136] 

■^j:yniy)V Vyy:Ay j.y-^m-m^^t^m^'tL<O^M\zii-,X. l^X'r<r)'skA^it^ 

.[0137] 
[-(1:2.] 

0)Fuca(I->21 

GaJPs a) Gajp(I->3)[FucaCl-.4;0G!cNAcP-; (3) Gaip{l-44) [Fuca(l->3)]GlcNAc^; (4) 
Ga]p(J-^4)|Tucaa-.3)]GIc; (5) -GIcNAcP(l->4) [F^icaCI->6)]GIcNAcpi-^A^; (6) . 
GIcNAcP(l-.4) [Fuca(I^3)GIcNAcpi->A.n; (7) FacaC1^6)G.]p^; (8) Fuca(l-^3) 
Gal?-; (9) GIcP(l-^3)Fucal-,aTn^i.,cC'Fucal->0-m/Sex;^;i.HlO)Fuca]^^,'^.K 

GDP- :^-ys$r jx)S"^#<L LT'fS.fH LT)f^£fc;g ti#'l> jt^t^oMt:: r^2 {::?U 
[0 13 8] 
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S2 : GDP-:7zi— Xfecti;J:73v;i.h^>X7x5— Ji^fflI.^T^fifc$iX'S:tU:J^fJig 













th?L 


^u-rx X 




















^/?| — iM-:73-^>^z:t— X I 


fc:[-§L 








tML 




thfl 


3— :7=I->Jl/^d7h— X 




V-i'h~N-7?3^>jJ:t-— X HI 






thfL 




fch?L ■ 1 



o UD P- G a 1 *ikE!tL. ^ L-CM-&J*;^" v ^ f ^-'^'i^ > >' > 7^ :7 ^ y 

a 1 . 1 , 3iSA-4'OGa 1 G 1 cNA c SA:{±G 1 

-.m«-35..''.TtM^ ti.. UD P-GALr>p5-c-<7)T^;'-lr-/?" — G a I «7>l#S!j=S:& 
o :$:f;&H;j^S;i5lj>tcAD7:c-s-{r-^ Sr$gtt~r^> 'Z-co J: ^ * ^ 0 i-'.ltii . -y ^ ^ - N - 
^.^■r G a 1 ,5 (i-4) -G 1 cNAc ,^ ( i 3 ) - G a 1 

(1-4) -Glc (^I) &o I^Dx. M i n Yuan C h o u ( 
■L 996) J.Biol. Chem, 271 (32) :19166~1917 3 

[0 1 39] 
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A-^^^itifz. G a 1 N A c h ^ y y^y --\£ i HG 1 c NA c Y~ryA 
7^. ^--tr?|rn- KL. -e LT^att-ft; ? tL 7t U D P - G a INAc^TfefiUDP 
- G 1 c N A c **)£i-smj^x.ttfm^«i-i& ^ t H J; oT. G a 1 NA c S 
7L-{*G 1 c NA c /9 1 . 7t!i^ 1, 4 ^g^'I'CD G a 1 (C^Jjg-r ^ 7t 

i6<3D:^-i£^*m-t-^o ^ti.f5<7).?lR)jaa53'S? G a i ;5^S^-^^^fr^'^r:/.^- 
■^l5 M L T Sfi S ^ o 
[0 14 0] 

^- > y >• ^^ "7 ^ V - -If iti7:-^'#3 J: m\,t-'t ■h^^l' i- KMi^ i^-t tro 

M P -->T.'^M'^-'^J/^;i-o ro:is:)c?)npcI-f*i.->T 9 ;v h 9 V v - -cagf^-i^js i 

CJ'V^.^^^.. ^ LT-fi!i>yooMi5;L,i«2B!{A^ 'Am'^rJT^' y -> A- > 7 >-> -7 ^ 
'-•fcf^fit^-?^^^--^. UDP-Ga 1 *4j;£t-^o z.<Dm<rj%]m%\^^'^^X. m 

i O V ;v ^ > ;^ 7 J. ^ - n?iic:V>d'''5nT iSo' < t . ^ 2 <3D 

;b ;> > .X -7 ^ -HRiitcT) ;t i6(^jM$^;c»as)\Kj.y^i&(c gSjjD ? & o 

tfi.— coSII-l^J-C-Ml-- 2 OCO .-J^ V "> A- l> 7 > X "7 j. 5 - -tt RjS =^it ^ i i J; o 
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[0 14 1] 

Ne LiAc a (2-3) Ga 1 j9 (1-4) (F u c <t 1 - 3 ) G I c N (R 
' ) ^ (1-3) Gali9-0R 

i<7)5t:ir..i-3vvT, Rft. mm. ^^)nmm. t/if±/>4-< l-fiW^S 

— >W (A 1 1 o c) CDV^-f ^Lz5-'e^ >}#4>o 
[0 14 23 

^ J ^ = y ^ 7-- ^. y-T:^sm ^-hi> UT E^^ -e ,1-18 «<?:5R^m 
^(?3T;1'-1^1'->'^^SL- ; LTZfi, Am. -OH. - SH. -NH.. -N 
HR\ -N (R') ^^ -CO.H. -CO.R\ -CONH.. -C0NHR\ 
-CON (R') -CONHNHa, tfc{i-OR''C^'0. CC'C\ .•^R'fi 

[0143] 

(CHl)nCHCCHz)mCH3 
CCH2)oCH3, 

-eifo>)t^'s C:^-c\ m. o = 1 ~ 1 H "Cife »9 ; (CH2) n-R' (^vL-c\ 
0 - 1 8) (crfei-^X. . ^.t^icg^;!? tL>:.!^#« . Ut L- < 1 

oJilJiior.'W^-J'^vS (^l?-i b<(i. y< h^ri^tfcltO (CHz) r.CH, 

m=o~i8) ) x-}§.^^-i^^y^--^^^> ttiit^iii^<Dm.^^^^-^^> 

[014 -1 ] 



CSl) ■ •f$5i2 00 2 5 30 08 

. ( a ) -fb-^^tJ : G a 1 /? ( l — 4 ) G l c N R ' ,5 (1-^3) G a 1 /? - 0 R 
^^^]A(c-t-4><?)ti-|-5>'2-:^#T. UD P f-y^t7)#|fiT-e.. AGI cNR 
(1-^3) Gal ^-ORcD^b-^!^t'^^V'> I^^."!^ v^-7^"7^v-~lf^ffl 
'w'^ T >T 7 ^> \- -> ;wt T TM ; 

( b ) ^Tr V ^ JVMx)^#M-7ijMtci|gS Vr&.T<D^\:iT^ : N e u A c « (2-3 
) . Gar/? .(1.-^4) Gl cR' ,S (1- 3 ) G a l /? - 0 R ^iBfig-r 4-;^#T 

. ( 2 . 3 ) X -/ u .'v- 7/ > ^ .c -e ^-i^M t t . v --f- )vm.<r> c m p it 

(c) (b) -e.M§^l^^ft:-#%^ 7Jt^ti i^MbLT, NeuActr (2 — 3 
) Gal/? ( 1 — 4 ) (F Li c « 1 — 3 ) G 1 c N R ' /2 (1 - 3 ) G a 1 ,'5 - 
OR--&?^ffi-r^X^, ^t!i.-^-r^o ■ .• 

[0 14 5] 

;n«>5^-efT^ ^ti^^co^ifi^catJ'S.-^-fe^rSg^jt-r^o VoJ!y..I-.ooX:ff;&^..4^5g[jg(7:.tl?5!i;t 
.),ii;}i:UD P-Ga l-^^^-t>J><, V ^V-fhiS J: "i^r^v MLT.ifMJi:^ S 

IHi.lldi ^'ft ffl L T fr :b tL. 'i> o ^ 4- ^ ;u " -> jv ;^ ^ >- v j . 7 - -t: i O^'IfilSfJ >4 
^ V K.te-6-jj£^;^)Vi[wI— '?:)|[Bmp'3 V i fi^^mtt^' U n ->-;u 7 > 7. y .-c 7 

^ ct O^v y ■g^ > i/-r ^ i: ct o T . ia5^x$fflJia<7?#^- , -5, ^* 1; 17 ^ Ji- K 
< ^ #X.f^ >; rj ->- ;P'fbK.c£? ^ ^Bl-^ -i^ t^rf§7^' fit) 4- ?1'A-#J t-ftiJAE 
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[0 14 6] 
[0 14 7] 

NeuAc « (2-3)- Ga 1 ^ (1-4) G 1 cN (R' ) ^-ORttzit 
Ne uAc « (2-3) G a 1 ,9 (1-4) G 1 cN (R' ) ^ (1-3) G 

a 1 ^ - 0 Rt^-^if ^ i'-^-^ o 
[0 14 8] 

6 . 7 . 8 - r h 7 11 y n - 2 >' h T < K ; -O-^T 5 K ; 2 - v'-V > T 
K ; 4 - T y > X T F : t fz Ji -l - r. mj > X r -= F-e^ ^ o R f± s 

1 ~ 1 %wmM=^<^r)-^^ wS^^L ; ^ltzi±. 7jc#. - oh. - 

SH. -NH.. -NHR\ -N (RM a. -CO.H. -C0.R\ -CON 
H:. -CONHR\ -CON (RM -CONHNH.. ^7- tt- 0 R^ "eifc 

Ki. R^A. 

[0 14 9] 

[-(1:5] 
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(CH2)nCH(CH2)„,CH3 

I 

•T^:^n^. cit-e, n. m, a = 1 - 1 8 T?*; : (C Hz) n- R' 

oJ|,U.h60T;Wrr-^->-^ a?SL<fi. ^{ b=^->S/c{±0 (CHj.) .CH. (c::: 
t:-. m=0~l 8) ). T'SM^jft-S-^ j.-JV^. ^ 7::{i■e^^•^cDjH.^-^fc^J:-e^> 
Rf±^7t> 3 - (3, 4, 5 - MM h^->V.c .-/u e;i'-ei?>l9#^ 

[0 15 0] • 

•Ji2:i^:t'::^S i-i>hm)kcomM'D-yi 9 ]-{ts G a 1 i , 3 tvfS-&-$ t^ . L 
T F u c /O^^ « 1 , 4 {;:|^ -g" ? S ^) oo T'^ 2-. „ fJlj x. Ji". M^I-Cifc ^ . N e u A 
c 2 , 3 G a 1 1 , 3 ( F u c a 1 , -1 ) G 1 c N A c /? 1 ( i -e S I e 
" tl5^;g;;}L^) fi, 4r l^iJ' -r- > - r. J: Tf^-fSj^ B e r g 6^ J 

. Biol. Chem- , 2 6 6:l'1S69~l'}S72 (1991) S-^JM 
C75 i; c. 4? . B e r g a . E - V i> ^ c D N A $ tL/cam^- 

. S 1 e ■•' 1^ .-J-^.^ > ^-f ^ :H. t ^§i#<Cl^ T-lt-^l" ^ h L 
[ 0 .1 5 i ] 

■4^^m<Djimiit7'-c. -m^G a l <r l, 3 G a 1 -^^-r^:t V nr^-fk-^tJ 
(Galctl, 3 Gal, 9 1, 'IGlcl, 4Glc (R)/?-0 -R'^-^^ 
. ^C:-C% R'fJ;, - (CH2) n-C OX-r-^feV), W=OH, 0R'\ -NHWH 

7t {±.''>'& < <h i o^i^^-^i^T- ^y(i-t >i r --r , ^ lt n fi , 2 - 

-t - X ( L N n T) G 1 c N A c ,9 1 . 3 G a 1 ^? 1 . 4 G 1 c ( L N T - 2 
) ^ ->7V,'W (^r 2, 3) -^'.-^^ ..fe iCKv-T U ;V (a 2, 6) -y^ h 



(34) if*3i2 00 2 5 30 08 7 

[0 15 2] 

^ n_-7'np°)v. n — ^^v;v4-tO , vrJ^nr;v-t;w (3~ 

[0153] 

(M.IJ*-, -<>-t?>7>^v.c"-;v) o lo^i9^v> 
[0 15 4] 

[0155] 

[0156] 

y.t).r^.}^. -NH-CO-CH., j3J:r/fc: KU:^->74rhT?. K> -NH 
- C O - C - 0 H o 



CS3) fJ-^taOOa 5 30 08 

[0157] 

r'j:<.tii l^Tb^ikti^Xn mH£.. iJ. O. S, Se. PttzliA.&) 

■!7 //. ;- - X CO J: -5 7^- , * V 7s CO t: 7 y - xMM ^ "S" tr) . t° 'J < v >- . 7' V 
[0158] 

[0159] 

i6 o 1 o J>ji± coM:^ XL ^•J'" V - -> }V y> :Ay j.y-^z^^ iil" 2, MreiCD f5t.MJ ^ 
-a-^i- ^ o .J?)tH ^..^7Mk#J 'f4i^>^ (^^Ifi -ft-r •hfz^<T^^ I), rr -> ;V f > ;^ -7 

T#S¥i'li,SMP C T/U S/ 2 5 4 7 0 t^lSCigl^ :)-L. r tlfi 1999 ^-6;jlOR 
ti<2;j#^W0 9 9/2 8 9 1 h LT^ fE ii 2 y m a t i c s y n t li e s 
is of gangliosidej i: -) ^-M'C-fi-^^ tL7::o 



(,3G) -^JiZOOZ 5.3 0 08 7 

[0 16 0] 

x-^y^o @ft<J<^•^<<o:^r>'^';>^-^;-^ii, O e t t g e n. h. f. G a n 

gliosides and Cancer, VCH, Germany. 198 
[0 16 1] 







Me«5Ac3Gal4GlcCcr 


GM3 


GaINAc4(NtAj5Ac3)C3l4GIcCer 


GM2 


GaI3G3mAc4(NcTjiAc3)Gd4GIcCer 


GMla 


Neii5Ac3GaI3GaINAc4Gal4GkCer 


GMib 


Neii5Ac8Neu5 Ac3 Gai401cCer 


GD3 


GaEMAc4(N«u5Ac8>}ei35AcS)GaI4GlcCcr 


GD2 


Neu5Ac3GaJ3GaINAc4(Mcii5Ac33)GaI4GlcC6r 


GDU 


Nca5Ac3Gal3CNeu5Ac6)GalNAc4Ga]4GicCer 


GDIa 


Gal3GdNA c4(N eii5 Ac^N cu5Ac3)GaI4 GlcCer 


GDlb 


Nei25AcfiNeu5Ac3GaI3GalNAc4CNea5Ac3)GaI4Q!cCei 


GT1& - ■ 


Neu5Ac3 Gai3 GslNAc4 {>?eii5 Ac8Neu5 Ac3)Gal4GlcCcr 


GTib 


Gal3GaJ>iAc4CNi;u5AcSNcu5AcSNeu5Ac3)Gal4GlcCer 


GTlc 


Neu5AcSNcu5Ac3Ga]3GalNAc4(Nrcu5Ac8Neu5c3)GaI4GicCa- 


GQlb" 



Nommclalure o/GfycolipidifUJP AC-TUB Joint Commission 00 BiocheEdicnl^JomeMclature 
(Recommendations 1997); PweAppl. Ckem. (1997) 69:2475-2487; Evr. J. Biochcm (199S) 
257: 393-298) (^vvwxhem.qmw.ac.iila'iupac/nusc/glylpJimJ). 



(87) ■f*.?52O0 2 5 30 08 

7° f • S\ T - 7.^- . S . T - ^ -7' ^f- K i^Xtf-:! ii i^comili^D ^ ^-fi- ^ if 
MU S 9 H / 0 0 8 3 5 (:ztlii. 1 9 9 8 #7 ^ 2 3 Q iCWO 9 8/3182 
[0 I 6 2.1 

(4. 

if^ •^>'N°7 ^Jffi®. r3>S'a^f-V, "ti T Jl-- D > ft-, r^V-r^V, ^• 

[0163] 

ffl o < 7'T^ .X \t , «^-fb£t:-f;|;5^T-^-^t^ 5 , 

919, 67 3-^;Varki (i993)GlycobLology3:97 

SLe'') [A. L -■1rl'-.-?^^-.>J::MT'2. V .^"^^ :<-C* '9 (Hemmer i chh 
( 1 9 9 '1 ) B i o c h e m i s t r y 3 3 : '1 S 3 0 ) > ^ LTfKCt-ftJV'f 7^ 

a ( L e > 7 fc i CHiljfJSii^ E - -Ir k.^,r^ > li^f#Ol^±; ^--f > t: -'C 
Jfe ( Y u e 11 P> ( 1 9 9 -1 ) J . B i 0 J . C h e m . 2 0 9 : 1 0 9 5 ) o 

an Bo6chel&(l99 3) Angew. Chem. Int. Ed. E 
ng. 3-2:i6 7 1)oic Y r^ ^'r 7.-r n KoiviM-fb^i , '^}'^^(Dfzi^j<Dm.7}^ 
tiJf^il^-^x.^ (O g u r a ^3 ( 1 9 8 9 ) B i 0 c.h e m. B i o p h y s . 
Res. C ommu n. 1 6 5 : 1 6 9) o iiaia^tii\ hO'■\^^"■7 > wc'Ci 7°^ -f- :rj- 



(.gg) #?i2 00 2 5 30 08 7 

[0164] 

a) 

fj:w^-^m<D^m-n^'^ -^^r '^^> 7zio<r>. B.]:6.^'^m^ ^nm^^^ 

u>-(g-Gi c NA c^3!iLijii£^-^e>M^ti;&o ::tiic)to^5lLiii^f±. 

>/ ij ..'V >- V > .X 7 ^ V - -rlT^mSili W^^<^mm^ 1 o jjD L#>6 •g^(S55-t?.*^ 

. S a 1 m i V i r t at> ( 1 9 9 6 ) FASEB J. 1 0 : 1 2 7 0 - 1 2 

[0165] 

u*-i£i± . r ^/ -t: ■7'- m.]:t^^i&-^m t^m. § ^ ^ i: J: -^6-)^ 
.•i^ ur)i- ^f- F.m (MA -> y i v^mm'^^tu-m ^^^-MI- u d p - g i 

X. G 1 c N A c b y > 7 ^ y - -H) $r £k#. L . cDffl^^x ^7 \i - ^' > 

7^..^ ^_ ^ _ j-i, 3^ \mi>-' h r '/ ^- 9 - %m:'^'rMmm ^ mm l 



(SO) •t$.?<2 00 2 5 30 08 

Ft. 1^ 9 > X :7 . 9 - ) ^ -t ^ . ^x±. m t fz im-^mnk ^ ^ ^- 1- o ^(om 

2 O ^7 > ^-^ V .-c y - -tf{i , b -jF KM^' ic> T .-J^ -fc: -/ -.m^-^-cO* 2 co^^ 
L^^(?)^^ L > r O T ^ -b: 7' CI -C^ ^1 Lmm.X- 

9 t:: .3? r'/ V .-t 5"- FH^^fi^^^ -f ;u l-. J; o X ^gii ? ti- ^> o 
[0 1 6 6] • 

laMx. ;5^-V ->■ ;v h 7 ^ X 7 9 - 4f *3 J; C^>JMSi- ^ J( l^^ •9'- K^-e^^^^ !i 
[0 1 6 7] 

b ) .ffinft-fkRiiv . ■ ■ 

1-^ : 

a ) P A P S *^f^'^-r-4^fzi^<nmW^^ ; -fe J: '(f 

b ) ^fll^x. X ;vjJ^ \-yy j.y — nf-c-^ o.T, -^-ct;) P A P S fj^^s'^ > # 

:/> .'V >t■^ S 7 ^ X r7 J. 7 — -If o 
1016 8] 

•itf ^ L < \t V -B^it-fblii: )S . ;u -7 J . - 1^ >' -.^ ^ P A P S ( 3 ' - * x T -r- 
./ v- ^ - r. ' - '1^ 7. X .'U- V .c - > ) ^ ^.fct?j \c ^)Su L # ^ am ffl V- ^ ^ o PA 

o W^mm 5 , 9 1 9. 6 7 3 , < 07)^-(7?.^^(7?^cii^ j^-^tr P A P 

s #£iiT>--i' .'V'^dCijii-r?' (i^ 10) o PAPS wiL-^y -< .-> ^va^fSi.w ? ;n-'&.-4-?e 
Pj^'75,i?:)^^x ^ - A cr^e-n i^n i a - d ^ctt^ ? tts, „ ci co t -/u - -.^{i, fsm-ft: 
#t ^.sfc-r ^ j^6ot/.#.^: ^mtn . p a p s ^.^.-t^ tz \z^m ? ^ ( 



(90) 15^^5200 2 5 30 087 

[0 16 91 

* f 9 >- X 7 ^ V - -y 5^;jn X. T p A p s w^k-ir-'f ^^n^-t^^m 

y .X y ^y- -t? t fz mm<^-^}^ ^ :> y > 7 ^ y - -l? =^ ^ - K^r Z> it^7-«^ . 

p A p s ^ ^w.T^&mit-^'^n^^^'^i-^ a m r. ^ {± p a p s ^-f '/ jvs* 

i CO y a X [i , lim-fk 5 ^ ^ - CO P A P S i^Jt^fcldl tl t-- ^t" ^ - t l-:: 

ftfe^^btf'(*t^?»r^:.:!:i;{cj:oT. frf^^i^^^o PAPS^^fi, -^kmit^-^^D 

ii-^^'^mx $ o N ^>x->r^. p A p s -f ^ ..'^^^ > ^ o^'^'^ ^ ^- 
l±^/N° tj > ^^^rcft-1bi;i'ii^W=ft 3 ooox jv* h 7 > X 7 ^. 7 - ^?»^■it!#l■•-r^*lI ? 

[0 17 0] 

c ) -^7- ;v i'/ a y ff^co ^ t£ - 

. N - m-fk^M ^MU n y # C 5 - e ^ 5 - -I? iCijgfejj ^ T . 

mti. 15iJ^^tf. PCT,'IU«SE 9 8/^ 0 0 7 0 3^ ( i 9 9 8 t- i 0 >-J 2 9 H 
t::, WO 9 8 /4 8 0 0 6 i LTiV^ $ icfEfc? tL;&o 

[0 17 1] 

d) o- i^m-fb 



:f3^i2 00 2 5 30 08 7 

vftiS-^' N 1 oUicT) 0 - X h 7 > X 7 7 - -tf --If 15^!;^ 

S^-fh § n o * fsi , m^E69 j(-f- * L i/^^jfijjf^ig ic ^3 v^t . O - ;u jJ^ h -? y 7 ^ 

S 9 8 / 2 2. 5 9 7 ( 1 9 9 9 •'ff- 5 >d 6 H WO 9 9 2 2 0 0 5 LT^rKI 
^:n-?"i) ; ^J:hV^i^Mm^i^m5 , 8 3 '1 2 8 2-^\..mm5. 8 17.. 487 
|hI^5 , 8 7 7, 7 1 5 , 7 7 3 , 2 7 4^. :feJ:TO^5.. 5 

'11, 0 9 5 ? {-n[ii^? *l-^o 
[ 0 1 7 2 ] ■ . . 

i-mmm t l.X^M & ;ft#^o. '^-^T. >^^5ai53f± ^ #^ J^-^t^ci^co-jsltStcia 

^ h.:h.t u nf^^a^- hm^ ^fi^. 

[0173] 

o ^■5hOMi'^^n^^ i^MK^im7j:illk^mii. Remington^ a P li a r m 
aceutical Sciences, Mace' Publishing C 

0 m p a n y, P h i. 1 a d e 1 p h L a , PA, ^ 1 7 Hit ( 1 9 8 5 ). MB.'l'f 
•^•il&o mmMMi^'\-^i-^''^<^tjm(nm^^mM^^'^^^''XI'i> L anger. So 

1 e n c e 2 4 9:1 5 2 7 - 1 5 3 3 (1 9 9 3 ) *#Bnco ^: t o 

[017 -1 ] 



-^.^200 2 5 30 08 7 

[0175] 
[0 17 6] 

:l>6^P>B^/?tL;6 *'V-Ar-|a^^t Szokat>> Ann. Rev 

. B 1 0 p h y s. B i 0 e n g. 9:4 6 7 ( 1 9 8 0) , yfim'^m^- i . 2 
3 5. S7 1-^> mmi, 5 0 1, 7 2 8 ^*iiW»4, 3 3 7. 0 2 8^5:'- 

^Acr^afrMtfi. f^®i>!^-e.[^3tt'e*.^ (fflx.«. ^ilW^'l . 9 5 7, 7 7 
::i X V^mm 4 . 6 0 3. 0 0 4 -^^#^0^ t) o 
[0 17 71 

B * *7 5 m g 2 0 g (D-fb A-fe w^S^Say)^ J: ^•; -f.^W icitfeffi j? t^y^ <> 
[0 17 8] 

p-<;WaJ:-CiV-"^;— :-ec*Kfi^=M4:^. v-rKt-iLTfe. #ii^6?!M.;it)ti. -e<?> 



C93). fj.?;2 00 2 5 30 08 7 

[0179] 

-i^ik'Dm CO ^ m# ^ ^ ^iiE t tz iimm'^^<Dm*&'^^w.^^'t k 

[0180] 

co tv {± ^ iT^-f t-A-fii t #mh*i k js-r^itco ^- / >^ u >- :^ 

. [ 0 1 S 1 ] 

^ E ;^ ^ / D - ^.^ iwin:# (^J k. j*\ --?- .X . V to oo.^sS: f i , 

mm'^^^u ^Lxmx.if. -ecogjji^j^s v 3-.M^^^i-:s>g^s£#j-e 

W-OO O 'y^ X 7. .^r- V - .-_ > $ t^. , ^ '-'■^ 'C^I^-W-f t % o -t ./ iJ' n - -? • iL4)u 

1$:g^cD— flg^jiKco^-^lcov^Tfi:. H a r 1 o w*3 J: tJ^L a n 6 . Ant i b 
odies,A Laboratory Manual. Cold Spriii 
g Harbor -Pub I Lcations, N.Y. (1988) i^Wy^O 
ii o 

[0 18 2] 

[0 18 3] 

(^^lai -0nn ) 

( C M P - -> T -> > -t i-'' - -t*/ 2 , 3 -> T U f f7 > -7 ^. ^ - 4fSI A- 



(94) 



tK!i2 002 5 3 0087 



c: <nmm > C M P - -> T > -ir •J' — if / a 2 , 3 -> T ;v > 5' > X 

[0 I 8 4] ■ 
( A . MM ti C M P - -> T (t * ^^iO l&^-r ^ ) 

CMP-Z^rm (CMP-NAN) *gilii-4.J:^l::ia(S^J»#L./cE. c 
o 1 i (Ev 2 4 0) (nanA n e u.S : :TN1 I P T 

GmmCM?-liA N > ^ - -t: / a 2 , 3 T M if > v y 7. '7 :c -7 - ^t'^-^- 
^ -y r^^ :S^r^ - Ft--I>7tw^^^^i^ 7. < KD N A tM-iS^ bTto L Big 
m^<Dl\.<D^mm:- 2-3«Ol!)«oot-t'i^.flt.. 2 0-Ct^3^b. ^L-CI 
PTG'Cl 6!#f^;^^^L-f^o :i<r;it^J^^iK.ftL.> .Iffim^^V;/ |-=£-3t^C^$3-?|a::i 

Dt.KS^^rTa^fiL/^ : 2 5 OmM 1— ^> 2 5 0 mM 7 b - l 0 

^^^^X. lOOmM KH.PO.. 2 0mM M g S O4 ■ 7 H. 0 ( 
pH7. 0) is J; ■0=1% ^-^-v^o 
[0185] 

4 3it^M^. K]S?a-^'tfi'±. TLC O^J^^. ^v:/n.NV-;w: NH.OH: 
HzO (7 : 1 : 2) , y-;v-enj-4a^b) ; Rf = 0. 8 . is J; t^'H p L c 

(BioRad Aminex /;17A H P X - 8 7 H . H. O mMco€ 
; R t =-- 6 . 3 ^ M'J^-f '^^^ 2 . 2 m g /m L <7)m}^-^h^ ^ » 
[0 18 6] 

( B . V r "Vft-B i C T P "^WJc LrcRV>iPb oii(;) 

2 5 0 mM :*'^^h-;^> 2 5 0 mM 

lOmM t>^'l---X> lOOmM KH^PO.. 2 0mM MgSO. • 



V 7 



(9S) •t5^i2 00 2 5 30 08 

7 H 3 O . p H 7 . 0 . 1 % -1^ >• U > C'il^g^hvifW- ( CI :]-L li^ 1 0 m M -> T 
,'Wmi3J:c/l 0 mM C T P ? ) tflft-Too tCm^S: miMM -\ 

^ '-••^ Tfa ^ <t ^-J ^ v> V ;b c M P - N A N C , ^4to T . J: 
P ;w (7.:) 3 ' - v T 'J ju ^' )- - .x 0 1) j^'^^^ /5 ^ ti^ o 
[0187] 

( C , C M P - V T )U m * 3ii-*J E£ti L 4- E . e 0 1 i iRitdiCJ ) 
«l«0||]!ftiiMti.-feiV^T. CUT -i^r }VB-y>-t9-'\fX d 2 , 3 vT 9 A- > 7 
7^ -7--ygfe-#.-5^ C MP - i/T;UBS=^ i'^^JS^ L?iv> E. co 

1 i #4:^*3V^-C|S5ii-^^o 
[0188] 

2 , 3 - -> r 'J /'^^ h 7 >• -X 7 9 — J: O-- C M P v T .'Vftv- > % - -Itco^k 
m]^:^'<>^.'^ty. M-Pr-^ y^'i^S'^^kmL/zAD 2 0 2 E. c o I i 1 0 
OmLOj§«^> .3 7*C> 2 0 0 r p rar-TleM-eg-eit^M^-^/io i^-B^^V^^ 
^ K ^ ^ ^ 0 . S 5 i'^^ L 0 D 6 0 0 .(r^lj Ml" S t i" <\ IP 

T G ^ ffl T i^^^-r o ^ -^ig^-^^- ^ > ;^ 0 t: -Rift -f > ^- ^ - I- L ti o 2 
. 0 g <dM ftlffim'^ - X ^ . i 09±§&i?ik75-' f> JOJ*: L o 
[0189] 

0, IM HEPES (pH7. 5 ) ^^^£rvtm=SrRli1im L. ^ UTSi^f^. f 

7l:tl: ^ 1 0 m M 7 .-;>■ - > 1 0 rn M C T P X V- 1 0 m M -> K' ^ V?iS 

LT 1 5 0 r pml::-C«1t-r\ 3 7 "CT- -H^^f h Ltzo 

[0190] 

^ <7)K},i:^ J: o T ? tt^ r n-- y h - x , %m ^r\--^\- y 
- (TLC) ^lt^Yi9 LCVr-X-iX^-.^-/ -l.fz^ a TLC (vV 

: -'f V -/ '-1 J - H . 0 H/ H ^ 0 (7 / i / 2) . .7]- -> y - ,n.- 1-^ J: 
■"J ^S-ft;, Rf = 0. 8 ) J: t/H P L C (B i o R a d Ami n e x 1? ^^ 



(;9G) ^^2 00 2 5 30 087 

HPX-87H. H204'4mM«irGFt-, Rc=6. 3 •S') 'Cyife L-Tt: i - ^ > 

7 . 0 4 raM-tr^j o (J(y't< 7 0 %) o 
[0 19 11 

2 ) 

^ ru2>o C T P «S ^ fiC o r y n e b a c t e r i u mco <t ^ 

J: o ^fi^Zt ^l^^v^-r. biJZ-^m-Prm f±> 1 stim^ ^ 

[0 19 2] 

C M P - N A N i^*J-^-m-r ^ J: 9 !- jtfS^T-JJ^^ § ti-^^ E . col i <dW 
V 2 4 0) (nanA n e u S : : T n 1 0 ^1-^) * . I P T G r^^C M P - 

% :r.->-v>. 2 5 OmM 2 SOmM 7 > b - . 2 5 mM 

.X. 2 OmM M g S O. • 7 H. 0 ( p H 7 . 0) . i 0 0 mM K 
H.PO. (pH7) , lOmM yr n^W.. BM&'^CMF ^-^^r^'^BWl- ^ 

m-^v,y h^^mvit^o -'D-mmitf^. 20% (w/v) rN»>-6?s>ir-^4- 

CTP^r^:^-:^^;ti6(-. WMK^'Um-^^^^) o E. col iScioT-^-m 

§ t-.z^mtr-y y fi<^ c m p - w a n > -i^ - -t-fet.^^ i-^' -< ^ t p *5 
fei! ^ >^ -f > li . 3 ' 7' > V - ^ wit:-r >i o 

[0193] 



C97) W-JjaOOZ 5 00 08 

[0 19 4] 

U T P * ^MM^M t > trzCMP- V- > -b y - Hf ?t * ^mt" ^ ff. fi/ 

# (fir!lx.{ir, C o r y n e b a c t e r i u m) CT P '^.^£k-.r -£> tt 

^ ^ Ii f t a it) ili W ^> o 
[019 5] 

i^tkm 3 ) 

CI cO^iiM (i > G 1 c N A c 75:^ ^ C M p. -> T JV-itO-ft-Jifct-M 5--^ :g>}^^'^ :3 - 
[01961 

a 2 , 3 - 7- ') ;- V > '7 V - -tf /CMP 3.'- T JVM >• -t -y - 4f Hi-S- 

y r^^/'S.. G 1 G N A c 2 ' - -3^ t: :^ ^ - ^zi^ X rj~y r ;vft T )V y ^ - ^? ^ 5e?fi 

1" ^ E . c o 1 i # J M 1 0 1 'Ty^mm'km^. t ^ ^ ti t) ^1^5^ *ib'$ft-r 5> i ^ 

h Gl cNAc> t:;V«^->. ^^rJ'h-J^,, C T P ^Sr «b O^H^^ii 
-rtli3 J: y- # '^D um ^ tr i^vt i:: -fEjjr.^ o 
[0 19 7] 

i <7>R,i,t;c-o|g%'C-*> '1. , 3 ' - 7' V .'V V ^' h - .X cr^S^fife ^ , T L C ^ ;t: }i H 
p L C-e-e^^- L. Uricr;jxJ?:x;6^-^T U7t:I^, 3' - -> T 'J ;V 7 h - x 

[0 19 8] 

?^^JtI L C T P cO'flct-^ 19 !C , ^.13: ^ ii C o r y n e b a c t e r i u m ( C 

m<DB.]x:-X-im ^ tt:?. C T P ^jp^*3 J: C^S^f ^6 :g o 
[0 19 9] 

mnn 4 ) 

C: co|^ ii M ^1 .io V. T . ff 2 , 3 - -> T ij .n- > 7 >' V - 4f / C M P V- 7 JV 
V > -fe - -tfSI-ft- i^- .^-^ .0 £t <^ ^ §&ilT ^ E . c o I i C T P & iiE 4% 



(9S) 



0 0 2 5 3 0 0 8 



[ 0 2 0 0] 

-y r\^7 M i^m.-r7o A D 2 0 2 m M<Oi^^'ff^'i:mt LX i CDilS^- .i' ^ 

J: 9l^-^^-r^o Mia'^-;^ h^JlSmt, •^L-T2 5 OmM 
n-x, 2 5 0 mM . 7.'^// h-:^. 2 5 mM 2 0 mM MgS 

0. ■ 7 H2 O C P H 7 . 0 ) . 1 0 0 niM K Ha P 04 ( p H 7 ) . 1 0 m 
M vT;vm. 1% 5mM CM P J: C)^ 2 0 % (w/v) ^^'>S? 

[0 2 0 1] 

imMM 5 ) 

5 ^im-r^^ o E . c 0 1 i > ->• r V }^ > 7 V J. 7 - /' C M P - V- T 

^L'C. 2 5 OmM X. 2 5 0 mM ^'l-'/f— X. lOmM y 

;^h-.X. 10 OmM KH.PO.. 1 0 mM C T P . . 1 V . |5 J: 

2 OmM MgSO. •7H.0 (pH 7. 0) ^^-^r^ LT . r 

o 

[0 2 0 2] 

^^Sn§ *L.,I-. C T P O-ft^? r-. » S C o r y n e b a c c e r i a m ( 
[ 0 2 0 31 



(99) •t:fa5200 2 530 087 

^ (>'C T P - V- > ^r - -if ^'^ilT^-> C orynebac teriu m<?)*f # 

J: a^'ftii<?)s*fli^-g-^i-^ ?^-rf^^-:^S.tii1-^ o K,):5'?))m%'e*.i) 3 ' - -> 7 1' 
^' :^ >60BJ5fc^. T L C f fctiH P L C "C-t^.'^^- - 5tTr^ h . -■^-^f^fig 
'3r4$%i3 J: a-rf-M J; iji^f So 
[ 0 2. 0 4] 

7 ) 

."^C;^itii5iJi±, G a 1 «• i . 3 G a I )S i , 4 - G 1 c NA c Sr.^^b 

^ -> ;b > 7 > ;^ V - c ^ - -if -J- 4 ^ }^(^mi^ nmniiLi^'=F * t- o m 

[ 0 2 0 5] 

UD P - 'TJl-U— -X L-frry^.X.* U V - -rf, UD P - -^Z ;U 1/ - .X — 4 ' - ■ -C ll 

y ;u > -y -7 —-^z^i^^'t^ Corynetaacte. riu mCDJit#m 

36ti. G I c NA c > >tg, ^•MfeJ:0="1t!l'?>n^.:>Si=^-^;6^1-^->$f^-^. do 

llH.lfe^->-< h ^--'if^JjW-r a ^'^-C^^. H#5lR<OG a I <r 1 - 3 G a 1 /? 1 - 4 
G i c N A c 'D3h^. ^ . T L C is <t D^'H P L C "C^- :^ - L. ^Ti"^ i ^ ^ «7> 

[0 2 0 6] 



(TOO) 



t$a2 002 53 0087 



m 1 A] 

o P^l AH7r;^^n.^E. c. 0 1 imijlLti. 3' -^yr^JPV^y 

P - S A ) ^J<.BS^^'^-'t'^^1&<^'W"^''^ ^ o 
[01 B] 

-^vj^m^-^LS) o i?<iiB(''^v.T. E. c o 1 \mm±. ^%m^-^' -->t');v 

b 17 V X 7 7 — if ift 1^ ^ ^ ^ ^ - {±+^fi oo c M p - -> T 
^^(.ftnm^.L'^v^</)-e. c:coffi%S^-^ ^r^.pqj^.cMP-->■7'J^m->>^r■5^^^fm 

[!12] 

2 oco«l-if;^lt-?>'?-*L-2-';^^^^ ^ f^'^' V-r-'C^i>\2 D P - G 1 c 

NA c. .13 J;-a^UDP-G a L '^mt-W.i-S'E- c o I i tci>At?:H;£>o -co 



ClOl) fJJjaOOa 5 30 08 7 

M'Tj -^iic ? tt^o jx.isi^ li . mm<^.>m^s ^ - N - ^> :t x h ^ ^ - ^ ( n e o 

t e t 1- a o s e) (LN iiT) .^M-^.-t ^ fz^^^mBki^mM^ fi^o 

-i>nutj^}r^ K 1- ^/ >■ .7. "7^-7- 'If -H- 'f }]. tn:^<-r z> o 

[^4] ■ 

m-i.i±. U D P - 7 f - ^^ -r .■S' ;V ^2:7Fi-o 

1^ 5 fis G D P - V =1 - :^.-r-{ y^-^Tf^-^^ 
[lUfi] 

1^ 6 fi. U D P - G 1 c N A c -^f ^J' ;v ?^^t-o 
[ST] 

1^ 7 fi, CM P - V T .'U?t-rr-< ;U-*S-ro 

1^ 8 A {±> 'J nr V .Ik > ^ > -X -7 J- 7 ~ -{f ^^.laM^-hoS-ffico^hiS^f ^ 7- U 

t4itf^^-l<; J: o T r- § tt^^ ,9 .1 , 4 G a 1 N A c 1- v >.7^ y -y -4f^-.^ 
. ii-r S E . c o 1 i .Ifnm^.M^ K''-Z->G 3. 1 N A c - 1 , 4 - - X 

-g-ti-o E . c o 1 i ^fla7^>^i-5>ffi<75U D P - G a 1 N A c .-^ l^ .^- -.^ m 
i" 7i U T P g- L '■i <y) -e, U D P - G 1 G N A c "t- )V n^l" ^ M?1^ ( 
IS :s 1'^^ $ tLS ) fi. Gal N A e ;- y > 7. 7 .c 7 ^ -t; mf^^('^M;t Tlfflta W 
^A^tl^o EI8 Aic-fev^r, E. c 0 1 i «!c^it>iUDP-G I cNAc 
m^(7)->;^-irAfj:, UDP-G a 1 NAc J^e.?^ T-'i?, UDP-GlcNAc 
VfT-f^,74^ V tJ^-c, Gl c NA c - i -^r:?---?f , ?K 'JV ^Bg* -FfiS J: Cl^- 
t° .'W tf > it ^ v'- - ;5^'^ I f h :H. o 
[(.5<1S B] 

8 B li. 9" r:? V 'I'- 7 > ;A 7 ^. ^ - -tf ^ilMtei^^i-'^j-SO^'J-.C^f ^ r-- ^ l-- 



(102) mZOOZ 5 30 08 7 

,,.4^^5:j.l..-:j:.,Xr:J- ;^*?^^^>/5 i. 4 GalNAc I- 7 > x :7 7 --^r 

.m-r<.E. c o 1 iMI&=^.ffl'^>^C,Ga 1 NAc-/? i, 4 - > - 

-&tfo E . coll maa,;^'^+T>M(7)U D P - G a l N a g ^ F->- 

s/cfiuTP^S£.n^.t^:£v.^o'e. UDP-G i c n a c -^)--f jvt-^r^t-^&M ( 

N 3 ? tt2> ) tt. G a 1 N A c ^ X -/ ^. 7 - ^: 3tiS-f- t^i tli X. rlffllJ^il'^J 
mX-^^-^o 131SB{±. UDP-Ga 1 N A c ^7)^.^ft-)JiOA:*<7)ft#^Og^O-tt 
m^A<\.. -ttfi. «UDP-Ga I NAc li'n*.x4-^a v--y, GalNA 
_ I _ .-r ^1 — Az^ V >j > |t=-r -J- - <J: f/e ;v -cf ft-^ -itj^j^'^if ti-^ 
, ^itLPx?:)^^^--^^^^'^-!^^-- y-r>i.it{7^T-tt. G a I NAc > v>.x:7^t/ 

[IS5I9 A] 

0 9 Ati. 2 oiOmi^^^k^l^v!)^^cJ' V:t^ jS^tT ^ J^jJ'' « '^'^ ^^-^^^^-^^ 
<7:jM<?:.x-^-A*5f.^% ,^ji.^r;^Lc7)i^#K:i3i.^T. (C o r y n e 
bac t e r i um) {ix Vt^ > -f- LT^ttlr/jMMMcDX V 

-r 3> =1 > ^ >■ V -c 9 - -e * l . :i ^-t «i . w i o t n 

^ Kt5 :H.^o pfl 9 A (^i.isv^T. f^fS^'JM.'ESjt'tftt-s 3-Gal-Lac 
NAc-Cito^o i^^KSm-S-^^ii-. n'A.^t. ■:^^|^J.'UDP7>f>UTP^^n£t-^ 
C 0 r y n e b a c t e r I u m US^^^J^^^-^^t'o ^■■>-^:>/fMaMt^ i oT, U 
T P tiffiii-ft-g UDP-:/J :7 i^ h-X^Ml^> G 1 cNAc^^-f 

^^;vcom-i-2>B:^-5$ C-r4'>b^UDP-Ga l 4' .slv:,<v-^. UDP-G 

1 c e a x * 'I -7 ^ --^--^ V - Hf*J J: t>^i^ X :J^;V r: a r-/ - Hi) =Sr " - 
Kt-a4^MAlttSUr/-^-^^t«<> al. 3-Ga 1 }^ y y :cy - ^ - V'^^ 

^'l-Wi^t^m-i^-J'-^i ^ a:. ?:;Sr-<v^|aim'I5lr. .'rfht-'&o Corynebacter i u 



Ci03) if:^.?i2 00 2 5 30 08 

mtfz immK X o XMik $ tL.:2> U T P E . coll Ifflmt-iHA L.. ^ L T 

^¥'|£-r ^ L a c N A c T 'fe •/ - -^(T) V ^' h -y .-'(^ > v > .X 7 ^ -7 - 4f .i^^h^ 
fft>H^-t-^ K'V-^j L"C'®J<o ^liOljcAc.;!*-. Corynebac t er i umt 

ttTUT P 

[(5^19 B] 

M<75;?.^-is ^^jj^-f-o -?-tL-e:^l.<75^A-{^.feV>T, 1 "JcT^^imM (C o r y n e b . 

ac t e r i urn) It^ 1^-:^ ^ y^WAt . VXi\k<Dmmnitm<D :^ 

>i U ^ S^- Ji- h y > -X " ^ -y - -l? t -^.m L . n . -^^i- m'\±MB J- izl-oXtj- 

^'L2. o ISl 9 B \'-^ g tt^, .X -ir - A 3 ' - >' T V .-'V 7^1-- -X ^ H^-^ 
;t:i^('r:3-;^-eife^o C o r y n e b a c t. e r i u m i Xrfiff f^i C M P -> > 

^ -Jn. ± ifaia tt <iiz^ %^ yw, "k'Z-^t^^^ y. v -y- f * i- ^ r^r 

m5J-:^ffl v-. tV 4> c. E . col i .Wliia {± V C T P ^3 C M P - >' T ..'b ^-6^.Bg J-C 

:H.^i?^&5^m-r«> : r(7>:gF&r-*v^-c, CMP-vr;H!tv >^r.'3^-^-:{i 
. 3' -i^:rU t/>.X7 j:t^--L'i(^It6^i'>/s'^'^|i LT^m^^t-^o G 
1 c K A c -i^ t: 7 - ^m%-^i X W e Li A c T K 5^ - Hf^.^ ^otfz^ ? 
*l;5> „ c: o.^iiiSfi. C T P <^ C M P - ->T }Vm\z^-^ L , ^v^-c-c: co#2Bf^{i , -> 

[m 1 0 ] 

M 1 0 , 7. )V.i^ h V > .X 7 ^ ^/ - -Hfcg^r >i K-^-- i; L T# < P A P S <7?S 
*tC|3!dT<VigF..^frtl-y-'f )b(r)|2l^^;^To 9 19, 6 

7 3-^* , ^ , P A P S '^r -f ;K7> 4^ '^^fettT & o i-:: 

• li^ P A P S-^f -r ."t-'fi. x;P* ^ 7 j.5--^f{j:x;V7/^.- h^oPAP 

S 75-' A> T -b: -/ 'J - Wjr-^^>M-\'j'^ WM.-f ^ \) > ft^ft: $ it 7 J > -grW 
0Ii-J'> (AMP. A D P . A T P . A P vS > P A P S > ^iS J: 'cKP A P ) /O^mUffl i? 



(104) «?J2 00 2 5 30 08 7 

[EI 1 1 A] 

J: 0 I- 1£ St -^ffli^^ -^-ffi ^ -^'^ti ^- - <^-^J ^ ^-^^ ^ o ^ * V t/ > 
^ ^ tf o X^m-a^^ « ^O+'S-th: CO P A P S ^frf. 1- E± 

^ 1 1 B ffi-f/h*y^ juv.c^ :Mb^Jp A p s ni^-r;^w^.^<^Pf^'S-%¥a-r 

X> i: 0 ot ^ -ti m ^ it ffl -r 7^ ^- - ''^ ^ ^J^^ ^ ^ * ^ ^ 
b7iv.5'.^-nm»i> P APSfl--'r.^JV?f«G^^. jsi^/S' -7.;v*V-/> 

,^_.t:-gf^_p^ .<Xur-.;uxfcf^ ^--fe'iSf^^^> ^^foOnC'f Xur..p 

■^M $ ii- ^ K 5 ^ f H ^ - ^ o 

[13J 1 1 C] 



Ci05) ■|$.?<2 00 2 5 30 08 

c?5rJ'/<r:J^)!a<??1scffl=^-^t>o- yt^^'S-^0 7t:a6c7> I-53'-a(7?P AP S ^X^^tctij^ 
± L 4- (/^-^ /N^r^i mmt. P A P S ■'f -r ''VgJp^^^tfS^^ *3 J: 3 ' - >^ .'^ 7 
VJ^ -7^ -y -->f jifST. 6 ' - ;u f -y > .Tv -7 j:. v - -L'jt^^T. 2 ' -.x 
h y X 7 7 - -if l;f7^^, ^- X u - t7 - ^?at fS^-> 4> h (f K ^ X n :^ 

A' - N - JV- h y y X 'J .c y - -L*7§12T- ^-^Cj- i ^ sS^it ^ :n. o P<l 1 1 C i± 
^ 'AW^(0^ 1 , 4 - G 1 c N A c ^ > X 7 ^-^f ^ 1 , 4 -if)V^7 u — 
;l/ h 5--4f jsi P.- G I c Ku<:/^:? — -{ficp^i-:i> F■:^-if^ 

t LT-HX IIDP- G 1 c NA c ^ ct cru D P-G 1 c =&.3i54-.r <> i^ff.mS 7t 

■•/^ -e . mnmm t fz \tm^mm. i-^ j: o r.^ § n >5 # tt tz > 1/ 7- i^n {* 

. NP#t"-z)-^i/itt^.«CHjt'::z>^cov^-f :)-Lz)^--C\ PAPS -^^^-f^^m^^'-Wm^ti- 
[15511 ID] 

1^ 1 1 D m%^£7. Ji'- V .c - ^-ffcf^M PAPS t^P^gi-^"-f44^.^'?:>?g^$-||;^ 

c^J^./^^-^MI]•dl6D'g(!,i4J =^l3-tPo ■>:Mk%^^.(Ofz}D(n>-\-%^.<DV K P S ^5sc^r-f±^ 
^ L 'i- V5 ^' ^^-rr ^mmii. P A P S HJ- -f .^^ ;Vf^#3S(5^. .tdi J; 3 ' - 7^ ^W?!-; > 7 
y :k V j.y~~\z 3fi:•l£^^ 6 ' — :a ji- 7]- ]- =7 y :a y j.y — -if ifiifs-T-^ 2 ' - :a 
h •y -7 -7 --e?tfi:^> •^■lj r-.;p_-r. t: 7 7 — -fe'7i•|■^•i^■^ m;- U^-jc-f Xu 
}\' - N - .X ;U * h y .X -7 -y - -H-:li'5^T- =^-^tf X K |S:5t $ ^ o HI I I D {± 
, 'N^N- ^7.^ TjcmP^ \~- ^ i ^ X * - A <7) $ ^ ^^"To P A P S +r 

^ A s p e r g i I I u £ n i g a r [i, VifBi'D AT: V 

t fz f± P A P S ^ -1 * L- 4' o ''i A T P t E^ET I'-'i 

[lixn 2] 



CLOG) 



tja2 002 5 3008 7 



T^-fc:V'^^-^^e>c077'>.yU:^3-->:-^-GM. ( G a 1 N A c /S' 4 (Neu5Ac<. 
■A) Gal/?4G1 cCer) <?5 3 XflcD^SW-^fi^^-^ ■^^^•^fflSaicSo < RCS 

v^TG a I NA c:»7?*-^^ h -.x--t7>'ft;).Ji]*'^t»o •*^^i-> >/r.Jvm:OMti)a 

t7iJ.^5H.7tFa^^-X--r-Ar-*v^.-C. UDP-Ga 1 N A c :B i C^U D P 

-Gal ^xmi^^^-'T&mmt-. nm-\m&=r\t]m<n i 4 - g a i n a c 

C 0 r y n e b a c t e r 1 um^fzli-mm) t ^t-r-Ri.tf^'&tf ^-^A ? i^^o o 
CMP- 3.- r r H t^feitte rlt. CUP -l^r M 3/ > -tr ,y - -H 
G 1 c N A c --'^ 7 - 4f , N e u A c K 7 - * J: tJ-C MP- v V -Ir 

& 2 , 3 - T U ;v F ^ > -7 9 - -*f o 
[^1 3] 

@ 1 3 i±. -x' V'/O 'i-i^- FGD. ( G a i N A c /? 4 (N e u 5 A c a H N e 
u5Ac.«3) -Gal/34G] c C e r ) <7)S?:^d-^ 

^,y.^_t^|.±^^' hv;^4r5^ vr';'^r7^-/-^•^^>GD.^E^feT^i. 40006? 

TSiJ<7?aiMI'i, ^i, 4-Ga 1 1-IAc hy>.:^:^-v-->f:*5J:tf'/3 i, 4- 
Gal S7-yx7j.^/-^€^n- Ft->^>^Vat^k<^»-J'-*-^ CKT^IfllMti. 
fb 2 o ' 1 > y > .X -7 ^ - 4f , U D P - G a 1 N A c *3 X a TJ D 

p-Ga 1 Km-r^^^r^-^c'-h-'D.^ i^r.^^- \m i-^'^r-"^^^^^^-^^^^^ 

.fff ^ CO ^c-Ucf -T> JX J.^ J: o T 1^ ^. $ :H. i> o 



(107) f^-^jaooa 5 30 08 

m 1 4 ] 

l^q 1 /Ui , 3 ' - -> T y ;V - L M n T ( L S T d ) CO iVj.lc CC P4 1" imija-^^ - X 
c7?SJo<?5 X ^- - A <;d-^T) ^.>R To 2 0(7>|:fflmM>(j-^'fB ;H..^6 ^ ^-^U t:: i5 ft ^ • O 
|[flM-e^5.E. c 0 1 i .3?^ F;itUDP-G I c NA c *3«J:i>'UD 

P - G a I ^X^ffelc.4'T:>&-r;2>o /5 i , 3 - G a 1 NA c > v >^ v - -tc^i J: 
1 , 4 - G a 1 h ^ >- 7 17 - ^.f ^ r:/ - Fi" ?-> nH'a<:o?ft{S^^. 

ii! A-r ^ o ^ .~ ^lUgRM H ^ 2 , .3 - ->- T 9 A- h 5' ' > -7 . > - ^' 1' =2 - K 
t ^i'V^^fDT&i^^'k^^s ^ LTv ^iJc-g^Lv&IS F';--'e^)^ CMP -vT;V 

- 7x ^ J: O'-flbco $ ti-;^, Km^^^^ -oXm?^'t^i> Z.L\t. L S T d oS?^t 

[0 15 A] 

LEI 1 5 A fi. G a 1 G 1 , 3 G a 1 /? 1 .. 4 G 1 c N A c -^IS^'Cl^-itfars 

^'U h 7>>; V :^ 7---{f.^3 J: t>';? 1 , '1 - if "7 ^ h V'^l- ^ > >^ V -c 7 ^ ^ 3 - 

K-.r^nB'Mi2^T-4-^m-r;£D J: o k^u^h^o r^^ -vy'-y-mo, i c n a c 

- R -m. jjH l-c lir L r . 2 o (7) >y ^ V ;V > 7. 7 j . ^ - -^r 7j\ t -f p"" i , 4 

- jil^ V ^- h - iSr , :^<^> -e « 1 , 3 _ ig^^^jhTf y h - .x ^ M tcjjo 

[is<n 5 B ] 

I??! 1 5 B ti^ G a 1 1 . 3 G a 1 <? 1 .. 4 G 1 c N A c -m%'C^i:.\V.'t ^ 

'7 h-x^m±L^x^^^M-^<r>^.l^'^^-to ^■yyWf^^BS.-t^.y^zioK. UDP-^^ 
m:.-^t fL:i,m-^ (n^l£. UDP-Ga 1 4' xau D P - 

G 1 c N A c e o * X 7h y 9 ~ -^f ) K-f jftiS^fi. mm]H V'-mA ^ h.:h 

o ZH-h <rj (i , jjr ^- )\, 3 _ _ -1 _ 1; > g^^.y. t> u D P - G a I '^co ^-#1 
^ l^ili U > ^1 tt , 2 o 60 7 r> -> ;v f 5^ V ;a 7 --.=7 — ^ <rj >c 'e'-ti- ('•- 139 i" ^ 



(108) 



■»3<2 0 0 2 



m LXMA < o ^hV:.. 2 o« G a 1 n&ii> G 1 c NA c 



1 A] 
E. coli 




3 * - V- T U A r7>;^7» 7 - tL"' ^ & \t 



m IB] 

E.coii 



6 ' - v-T U Jl.' V7>7^ -^.J'G:' ^5 J: 
C M P - S A -ifjtia^S 




6' — ^TU;!- 



5? ^' HS. UD P - G 1 c N A c 




;if:7i7 h5>;i/K-5>x:7x5>— tliafeT- 
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[1^3] 




(113) 



•f:f.7<200 2 530 08 7 




•t$.552O0 2 5 30 



[1^ 8 B] 




^1. 4-Ga 1 NAc- h5'>X7a:5-iz\ 
UDP-Ga 1 NAc IfnjhX^'-iU 9— fe% 
G NA c - 1 fe\ U >®^^— fef 



^ 1 4 - 
Ga I NAc - 



\m 9 A] 



E. coli 





Gal- h5>X7x9— fe\ 
UDP-Ga 1.4* Xt!.;<^-if. UD? 
- G 1 c t'P :^-^7s* U , -X^^V 



Cil, 3 - G a I 
Lac NA c 



Coryriebafl-erium 



[|^ 9 B] 



h 

.1 



CT F 



^ 3 --^ 



4 C M P ^ P - S A ^z -'l? tDS5'^ yAi7 S . 
. G ] c N A c -T, tr: if > N e u A c H 



CHS) 



•t$.?c2 00 2 5 30 08 7 



mi 0] 





j! TJ UfJ 



il I 



Ti 




*1W 0| I -XMC" 



[1=^ 1 1 A] 



E 



(TIG) 



■t*.352 00 2 5 30 08 7 



1^ 1 1 B] 



p A p s -y-< i^JV-im^-f-^-&M± Of^ i-i 



3* -J^;t'* h 7>7.7j:5— if, 
2' -X;^*h^>:;^7x5— 
X ^ >i 9— -f X Pr:;^ - N - ^iL.;r. 

h >X -7 X r?— fe\ -fed; L^'P A P S 




E, eoliKS 



[Si i C] 



PAPS tr-f L&ti 



4^ 



^ ^ , . r-^-^^ 



f — 



3'_ -.x;Pd?h5>7.7x5"=l^, 6' -x;!/*:' 
-fXO-;b-N- h^>.X7a:5'— 1\ *3J:IXP AP S 



UDP-G 1 cNAc^J:U:UDP-G 1 c S^^fS 



3;/ 



4 



0 




1 



^=£> vN/tij :>aT 



^^1, 4-G 1 cNAc h^>7;7x5-ii. 



CX17) 



tJ?i2 00 2 5 30 08 7 



[l^ 1 1 D] 



4F 



UDP-G 1 cNAc:fc;J;rX' 
t/UO P - G 1 c ^,^it--S 





4-G ] cNAc h5>:::^:7x^— ^ 

^^ZJ^UD p - G 1 c -T^t r« a-if^—jf^y^JT^r^ 



(118) 



if^.3?2 0 0 2 5 3 0 0 8 7 



[l^ 1 2] 



^^fl-^^VB. UDP~GalNAc 




4-G a 1 NAc ^5>-'^^:I:•5— 'fe 



-4 



^ — V' 




ij V — ? ^ i-'-'^ 

9>7 h>.'Jl/*lz^5 K 



[IS 1 3] 



^.^-V^f?"- F:^'. UDP — Ga 3 NAc 



„. r 



^ 1, 4 — G a 1 NA c b:7>-,XP'a.r7— b: _ 



5<^7W5=F, CMP 





a 2, S-S-'TO^kh^i-X^i^-i?, 



■fj.7<2 00 2 5 30 08 7 



[121 1 4] 



^^t':^?^, UDP-GalNAc 



^1, 3— G a 1 NAc F5'>:^::'a:'^— tf 





LSTd 



1 5 A] 

E.coH UD P -tr^^' h-X§'r^l::|gife-^.s 



GlcMAcR 



n— / 



a 1 



(120) 



■f$:?<2 00 2 5 3 



1 5 B] 



CaiynsbacasrTuia 



- 1- -J 
.teJ:rXGlcNAc-R 





UDP-Gi cHa*:x.7KiJ5"-t?3igi-'^BtJ 



Ci21) f*.?i2 002 5 3 0087 

mtti H ] 1 '1 ^ 3 ;i 4 H (2 0 0 2. 3 . 4) 

Kmm.^m f* , t -mm. ^ ^ i <^m<Dnmmi tz \r^^mmm. 

a ) ^- -^^ Kit. *3 i: CJ^' b ) 1^ ^' l- -t ^ ^'^t)-^ ^ WxT -> 7" - m 
"yy .^f/ — -c> 

[M*«2] jjticisifflm«\ $mMm> ff-iitsum. i&^Ti^mm 

[iS5^TH3] Rt^CMm^a^. jlS-fb:M,§ $ ^4-v.tn.^^:S^iS$tL;& 

■ [ffi<R-'M 4 ] i<:i\Lir V nr -> V > X 7 J. 7 - ^f:^^-, y n >• ;V f- 5^ V x 7 

-•^^--tr-ejfet^. tTiiffd;^ v.^-:^ K.m^^ GD p- 

5 ] If lE-r 9 n V ;L'- ;- v > 7 .c - v T >) 1- ^' >■ 7, -7 
^ y - -I: T:-*; C; , ^ L-TllrSE,^ ^' >J- F-^t/i^ CM P - ^- r Ji^^. -e^; >i . 

[e^iM 6 ] iJ' V:^-:f- ymi)'^. UDP-GaUUDP-Glc, 

\3DP-if>Ui' a>U. TJDP-GalNAc. UD P -^^f^ i-^ y ay^., GD 

F-'^yy- 7. 7> h -i- & p J: '9 ii.-^ s> , mt^^M i - sE^r ly: m m-a^ ti o • 



(122) tf-J^aOOa 5 30 08 

J: ^) ? ^ V.-t'a"- K-M^O J: »:) . r:!'"^- < i: ^ i 0 96^'-'^, fit?R:K 7 

1 2 3 Hr^^HM'^ 'J - ~> -'^ S 7 X 7 J. 7 - ^r•^^ • V T V )V V 
9 >• 7. V 9 - -cf -e* t3 . % ^ ^ '3- CMP- -> T )Vm-rT% \) ., 

LT bu Hii^MiS^xi". CMP- V T /ui^ -> -Hf - - K1~ ^ > Ir ^1"<^S 1 1 

?M 1 3 1 tif IS T ^' -t 3^ - mmti' > 9 ^ > - .X afe *9 . L T-fillf E 

[fl^JM 1 4 ] m^m.^k.ir n ^- )V > y >" .x t/ ^ y - -t?^^ /j 1 , 4 - 
Ga INAc h7>X7^.7-^r'e^^i-). -^LTbCsC.?-:'/ V-t1f- .-t^-^^ UDP 
- G a 1 N A c -e-^.^ , M*3S 1 1 i-fti1t^?).lxjSyS-f^t/o 

1 6 1 fi^ia» ^ 'J - V -'^ ^ y X 7 J. - ^rYJ^ v h v 
2^ht?>X-7^^y--+fX-*^J, -tUT]3ljHii.K^ V:t^nu>i^'^ UDP-Ga 

[fH;fc?ni 7] mTfri rA'' f/ ^ -> ;V f y > X 7 y - -c 3 
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[Wi^n 1 8 ] mum^Mm-fb^ t tz It-^TM >r ^ u -y -f- Kw^.^;- 
V-Jrf- ymi)^. Tj D P - G a 1 N A c c^^ i? , \^xmW^^ ^V'Jff- KW^'if 

-r // }\^-^\ ]^XT : 

IJ D P - G a ] N A c J", 7 - -t* U D P - G 1 c N A c tf n 7l< >c, .^i^ U 5' - -tf 
. G 1 c N A c - 1 - - -tr\ Jj^;' U i; > -j- - ^ ^ ^ .y. _ 

UD P - G a 1 NA c icn.t:.X* 0 -7--c\ G I c NA c - 1 - A;- i-~ -yf ^ >; 
l^^M 2 0] -HifdClK^D^ffi^^^d^ fli: -gLi*! V ^ 5"- K <^jg^ <y) fcuCxoM 

mi^M 2 1 3 mum 2 <r^m^^m.tK mid 5^ -j^ K'T^-a-jjJc^ 

a ) 3 ' - V 7" 'J ;v h 5 > -x 7 7 - ^ffstai^^ -r 2-5 V 7"^- .+3 J; iy^ C M 
P - -> T ;v i® -> > -t y - fn-fi* ^ ^ v'-.*- k * -g-ti- gilii^ > / ^' ^ H ; 

b ) G 1 c N A c 7> A> (7? V T ;u J^C9-S-J;.!o ^ i^/^^-T , 

CWd<:.i5e; 2 3]- BifgC^ 1 cDmU•GiM^^ E. coll "C^ . LTafr gli-aS 
2 <nmW3-'h^. t C o 1- y n e b a c t e r i u m-ei& -a . 11^:1^ 2 1 



(-124) -f^aaOOZ 530 087 

<7:m^ L if V ^ -> h 7 ;x X 7 - /? l . 4 - ^O" ^ h -> >v V'yy:^^ 
1 , 3 - y/ 7 'J V -> ;v h 9 > -x :^ J- 9 - ^-f -e^> ^ F#>rCiiP: 2 4 t:: sli«r/) MsjS^- 

A-L-f "7 -m^i^^. Gl c (R) /?-0-R'-e^ iClT-R't^., - (CH2) n 
-COXc:-*,^) ; XM. OH, 0 R\ - N H K H^^^^ f> J: R 

[±0H. f ;t|-i:NA c-e^fe59 ; R'fi. yJc^. m^,. V r^lJl. ^ ^: fi-^i-^^' < i: 

[IS-*:©2 7 3 midUD P -G a 1 UDP - G a 1 4 ' '.t:^9-'t? 
i3 J: ynj D P - G 1 c i-'n .1^.::^ * U - -t' ^ - F-f -2j^^H14;(tfeT-75-^ ?.-^-m$ 

. ^xy : 

'DM^k?^ ^ ') ^ ^ V y 7. y .-^ 7 - ^\ 

fltf i fiOffil^ x_ V :j > 1- 1.' >• .X 7 ^ t> - -c xi^- G 1 c N A c > y > -7. 7 a. -7 
--If -e2fe t:) s '"e L-T BCdG^S 1 CO.K .-J' l^--t K*S:65U D P - G 1 c N A c -C^ ^9 : 

-c t rmuni 2 (-rm-^ .i y - > y > y~-^i)'. ^ y ^ ^ .'t' ^ > 

y ^_ „ ^^-e^5 JO , L. T fiif W,t(i 2cn% </ V" Km:^>^ U D P - 7 > - 



(123) -^.nZOOZ 5 30 08 

IW^M 3 0 ] fliiff d.fe\Ct U f^m A\ 9 h - N - 7^ h 7 ^ ( L N 

nT) ^fm-r&s ^5j^]s.2 9 fcis^coK.csia-s-tio 

(^Mi^K. ^' V n ->;v h 5' y v ■.z.^- -t'. 

3 2 ] mttm 1 <7) U =f -> > 5- > V .c f7 - if ^ ^ 
;u h V yy!.^::! ^LTiiJfS,$^2 0'r 0 hv y TsV --^i 

»\ Gal N A c i7 > X -7 j. v -^tT-^ , m%1A 3 i i--fLl^;«7>Ri;Dia'a-t?o 

[®5RJl3 3] ^3}^JS3 lo-)m.):6'&c-tx%r:-^-oX . .^..^-ejilT: 
HC tZW- 1 ''/)M)JkM/0^ >ia;l^;c 1 , 4 - G a 1 N A c h 7 > X 7 J. 7 - -^f. Mii^ 
.K. /? 1 , -I - G a 1 h 7 > V :c 7 - -tf^ U D P - G a 1 N A c > j3 J: D^'U D P 

- G a 1 =^1^^ ; ^ V.-xmim 2 c^UHMjJj^ «^ a 2, 3 - -> T ^.J ;W Y ^ > 
7. V :c ^7 - -ff .fe J: C M P - T yi'-m'k-^ts -. K.ESS-ft-tio 

JM 3 4 ] ttria C M P - T "^i)-^ , .$fl.l!^ X C M P - " Bl v 
:y 5- _ ^; ^ G 1 c N A c t: .>' r> - -?.r . N e li A c y )V \^ - -it , .13 X Xf C M 
P- i/V-tfi^-^fi'-^O, miE'^-2^*tI]Mlci3tt«..^^^stcJ; , CTP.-fei: 
tf^G.I c N A c 55^^^^ -K4:>. m-^iM 3 3 t::dil^<?:;K.'c?a'^^o 

m^-^ 3 5 3 HiTpd r ^ -t -/ 9 -mm.-b\ y ^ v-;V -t 5 ■= K ^ ;t f4 9. 

- 7 .^^ ;- V ;V'Hr ^ ?. K-e^ '9 > U"C"^?tS<50 /Ie^x)^';'/ > V -> K G Mj "C^ 
s Ih5KiH3 3t-|Ef;'7>,)x:)SM'S-#^o 

[ffi^lM 3 6 ] t!ria-M.> 2 '73|11]|&M»^ Ml^^ a 2 , 8 - V r V h V > 
:? V - -tr <lr ^ tr, 3 3 {--iC^iCOiicit^i^l-^ fo 



CJ2G) :f*.?i2 00 2 5 30 08 7 

<^miim i: ''J J^^ 2^ tt^ .5^ V ^ i .5? -f- Ftg J3\ 

UTP :UDP-Ga 1. UDP-Ga iNAc, UDP-Gl cNAc> UD 

P - G 1 c . U D P - .^'■-'1' D >- {i, f fiUD P - a >£t ; 

GTP:GDP-Fuc;:i=J;o^' 

CT P : CMP -i^TJUm. 

T : 

a ) ^ ~> 1- y' ^ y ~ ^ ~^ ~ Kt" laift /I ji;fs-f- ; 

■)fM T S 7t a?) ; ± 

c ) ^^l-Mtt^^SM T -t V - §g^> : 

.■b'c.iS 4 2] >; n? ;W ^ > "7 J- 7 - ^- ^ - Kt" ^ ti)" nilti:^ A. ^il 



C127) |$.?c2 00 2 5 00 OS 7 

G D P-'rV/ -.x-rt K2:-^~^--> CDP-v^-Z-xs, 5 - ^ 5 - -If 
s is X u'G D p --^vy ^ - \y^r^ '/ \ 

U D P 1- - 4 ' iiV V - -c: .; 

U D P - G a 1 N A c 4 ' ^-n? ; 

CMP - 'ly-T )\^'W.Vy \ 

U D P - G 1 c P * X V 7 - U D P - G a 1 t: D 4^ X * V ^ - U D 
P-Ga 1 NA c t'url-;;?^;.l<i) •7-4f, GD P--T>y->.E°u Jl<:7s;.]-<t; 7--{f 

. <fe J: D^'U D P - G 1 c W A c tr D * y^ * 'J ^ --^f ; ri- ^ J: {9 g 
^ t: u xl-: X ;'7< >; •7---(f ; 

6 4- ^ IJ? J: i-;) mit ? ;H- 4-. ^ - ; 

U D P - G 1 c ri- KT7'r^'--4f , UD P - G a 1 -rV- Fn :r^---if ; ^ J: c/^' 
ti .'W If > ^/ ; V ?K -1v -> 5? - nr , 

CM>>: .iS 4 9 ] f/nii %'/ ^r- Ki^ G D F - 7 " - ^. -e ^ ^ , W^tM 
7. )v 7Y. \- 7 X -7 J. 7 - ^f ^ n? - i^^-f ^r. ^^ffi^te^ .: J: o'- P A P s i- 

m>km 5 2] PAPS ^mn^.r^ aUfmm^-^. i''mi'W-2:^^'^-(^^m. 



(,128) ^$552 00 2 5 30 08 

m * f itfife^fnim^ r -> -t y 3^ - mm t mm $ -t^ ^ xfs * a-^ l > ^ ^ 

o 

Q D p - -V >■ - .X r 11 vir-^. GDP- 4 - -^r > - 6 - 'r^^ ^-V-X)---^ 
^^y_.X3, 5-^e.-/^-4r\ ^3j:a^GD P--^ h - 6 - -r .i" v - L - •i'-^V 

X^-QV-ify V - x 4 ' ti' r^? 7 - -^i ; 
U D P - G a 1 N A c -1 • ^■■yl ; 

C M P - V ■/• >wfS V 



(129) tf.?52b0 2 5 30 08 

U D P - G 1 c a * X * V 7 - -If . U D P - G a I \f a ^ x * V 9 - ■^r^ U D 
P-Ga 1 NA c ;(;:7,,]<i; ^--if , G D P --r > ./ - X ^ u -is x 'j 7 - -tf 
, jo J: y^U D P - G 1 c N A c L-i n^^x^t: v-%'35--'t5 5a-;£>l^.t f5 MS?$H.;2> , 
l: a 5^ X .-f^ »; ^ - ; 5 -t- - fc: ;v tf > B -,>- - -tf , r -ir f - ;v -1=- ^ - , 

UD P - G 1 c Frr<>''h--ir. UD P - G a 1 :r^ii rt3•^''^^^--^f ; j&.'^C^J-.i 

fe: ?v Id' V It >:7 jv x>r -1= -> 5^ - -if . 

-7 >x-7a. V- ^-^.-5^ ^'/■f^'^i LT^.m&^L;& , mi^^ 5 9 (ifE 

imt^m 6 2 ] Tiiri5ii-6-.'^' >/N' s^'. CMP- y r ji-m. v > r> - -if 

* J: V i- 7 > X 9 - nr-ffitt*^ tN 6 1 »::ffiiR<^:^-&o 

TiW.. ^csJ:0-UDP-Gal4' ^t:;^x - ^fvi'^-f+.'^iS-ti'. I»>J<j55 6 l tcRii^o 

[m^jclS 6 4 ] yr"^y'0iiyK G a i N A c h v > X 7 ^ v - -H 

rS tt. #3 J: O- U D P - G 1 c N A c 4 ' - 1: ..-^ 7 - ^?va-'t^fe^ . $m 6 i ic 

ri»>>^*; 6 5 ] HrgliJ* ^' 1--:^ -:r- f^;^)\ g d p - ^ ^ - x -e^ 15 . ^ L-c 
flffdiJ'*'; 3->;l■'^x>xv.■cg•'-•^^7!?^ -7=^->;v^7>xy.^^--c■e^g)S, ^ 
>foB 5 3 (••-nU^oo.V'teo 

>}• K-fi & .M-r ^ . 5 3 tcfem<7>:&^/io 

[MtJ^J:^ 6 S ] tiTfd^^M ^WM f U - r> 5 > X V .X 5- - -if 
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Azotobacter vinelandi i/'GDP-Man; 

Pseudomonas tt/U D P - G I c , *3 J; 0«G D P -M a n ; 

Rh i z 0 b i um#/UDP-G IcUDP-GaUGDP-Man; 

E 1- w i n i a ^i/U D P - G a K U D P - G 1 c ; 

E s c h e r i c h i ali/U D P - G I c N A c . U D P - G a U CM P - 
N e Li A c . G D P - F u c : 

K 1 e b s i e 1 1 affi/UDP-G a U UD P - G 1 c. N A c . U D P - G 
1 c. UDP-Gl cNAc ; 

Hansen Li la jadini i/GDP-Man. GDP-Fuc: 
Candida f am a t a/UDP-G lc,UDP-GaKUDP-G 
1 c H A c ; 

Saccharomyces cerevi si ae/UDP-Glc. UDP 
- G a 1 > G D P -M a n > G D P - G I c N A c : 33 J; 
X . c a ra p e s t i /U D P - G 1 c ^ G D P -M a n . 

[MJ^^Jfl? 01 mmm^TJ^. a z o t o b a c c e r V i n e 1 a n d 

i i x-^ n . ffiTd^^ >}- G D p - y y - ^ mts 7- 

/y - mfMi'\ 1> V - X -e^ J9 . msil ^/ V v ;v I- 7 x 7^ v - 4? 75^ v v y 

V .)v 7 > V .c 7 - -e-eas J? . -c L ■rl3^IfiiM^^■"i^J^^ > ~>'-'^ ^ .-J^ > ^ 
[t5*iH 7 1 3 -mmm': e . c o i i -^-h . ^ fm>5^ 

CMP-;-' 7' nyiStx:-ai^; »v . HUfar r/ -IC^^Ms^ 7. ■^a> (9 . fiti-^G 

y^) rav;v h v y.^ 7 v7-iJ .'i- ;> 77 x "7 j. 7 -^f -e:^> i;) . -^LT 

m 4 ^ a G 1 c N A c n-&^^ t- r -fe y ^ -m^ >- . k.C6 JE-rj-i? * t^iV'i § 
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PAT =^ -^t^-m^. mmm t -/z mms mm : 

a ) U D P - G 1 c N A c fciocoWWMi : HJiV 

b) muDP-G 1 ci>iAcTf)-^hmr'^'i^y':^~mm±<?:>Mi^'!f)v'/riym 

'^c^ G 1 ■ c N A c C9#-f J- ^mMLX. G 1 c N A .c ^^=&-^?> T ^ 7^ - 
Stt3^x.G I cNAc h 7 > X y - -tf : Ji-^bt>'{.- 

a ) u DP -^rju^r zj >m^M^.-r?^ fzibcom-m^^ ; ^= ^ v^- 

iS^tt^^D iJ-' ju ^' n > Mc;>^-f )• * .i!; L -C , }U ^ n > -Prtf T ir •7' 

^~-mm.^%^-r^-. sa^x:^'";w^ti>jt i-7>x7j.t7-^f : 

[W^^Rjia 7 3 ] -^iR-iS 7 2 t::fid«co:^fe-e^ 'J T , ^: -i:^Htf BUKlS^M-^ 
iiK PIT : 

a) UDP-Gl c NA c ^ ctO-UD P rr >||?r?EJ^-r^i;t-«';OS¥ 

b ) Ifl^x. G 1. c K A c ^ 7 --c : *5 J: (^^ 

c) lai^£^'";v^ a y (® h 9 -7 J. 7 

7 4 ] f#>p:-ifi 7 2 {cflLi^oo:-b'-^-e^ -j t . c T- Hu mi U D p - G 

I c N A c jo J: il^'0.f?.x. G I c W A c f 7 >■ 7. 7 .c ^ - -c ^?i)j£1-;6 re iO'T^MiTi'E 
W% 9kh'' . I <^linJ3&M , L T til IS U D P - JV ^ n v M is J: O^IHS^ 
f)V'7 n >^ h > 7^ 7 J. v--1f ^0^t-'?. /;i6<7>f}tiilS?^^.;6^\ ^ 2 ct-jMM 
2» , ;;Srii4:-o 

73] UDP-GlcNac*oJ:U=~UDP - n >^.=^jtili 
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a) P AP S tM-r^7t:i6<7>g^^^ ; *3J:0=- 

b ) S^P A P S ^■^^b^'^.'^•t7 y#^i^M#^^<^^5t^t^#-^T^fIls#.tT. N - 
mtf -f ^ /^"i"- 1" '3 X. 7s * f ^ > X 7 7 - -tf > 

[^^^ 7 7] PAPS ^'^Ul^a-r^i^ /lr a&<7>tf Fcift5^#^^ PAPS ^.J--'f .-^ 

mm/m^~ ^ i o jy.ii « ;v ^> n > ^ -r x n >' i m^-t^ tm^ ^ h 

[m.^JiS 7 9 ] ;V ^ PT V m 5 ' J:- e ;^ 7 - -if > n > ft 5 

A X n > N - ?aimi:#«^M <t . I o J£l±cr> 0 - bv>.X 7 :^ v - +f 

s 1 ] 8 0 \,-%m.<r^ M-k-es o T . i c -em 0 - 7. Jt-* 

> y y :a y -if - :a ji--* h y y 'A -7 7 - -tf * n> - y T ^ ^tf£^^ =^ 

[ti* xiT 8 2] til la 0 - .X ;b 4^ 1- >• > -7 - -if ^-r&m-r >i m^mm.t^' 

PAPS ^jr^^:i-^-> g h Kif^tj^. iiH>]<:$i <s i V-%i'^,''D:^\t^o 

MCiSi r:^'' '^l-- ^/ 'J > '(^ ^ G I c. N A c J'ilE T r^' -fc: ^' ^m^Jt i: > KirSlfS-rr 
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1 ) 0. T ^ ^ tf^^^^mih i fz im^mm : 

a) UDP-GlcNAc "^'MuJc.:^^ /t&«?>Fi5^^. : ie; J; 

b) ^UDP-Gl cNAcy^i'hW.T^/-f:^^-mm±0^^^')\^^'rry 
m.^(OG I c NAc<7)#fr^i3!ls^L-C, *3^G 1 c 11 A cm^^-p^pT '^-y' ^ 

-mm^tm^-r , mMk. o i c n a c i- v > 7 - -e ; >^ •cj'-jc 

2 > Jil T ^ ^ts^&^^mm 3 7i fiffl tJlfflUa : 

a) UD P - .'XJi'-.^ n >ei<£:*t$^-r T^^^DOf^^;?^ ; 

b) i^-UD P -^'Jl-:^' a >'m>6-- tjgr/'/^ -Irv'^' -*S#;±CD-*^G 1 c N A 

o 

4 X u y Wf{M N - ilc^'fb^MM^^ . 1 "^liUXcO 0 - 7. h y 7 ;c ^ - -t- 
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b) G 1 c NA c :^'^<^vT^V^<^'B-^.^Di^1'^S?-#^ 

^ L X 2 <DSffl«! C M P - > -Ir - -tf =^ ^ - F -r ^ ^ H-tt;itfeT- =Sr 

LTHrdClS2 (^4IHM^\ gf.g^ ;t:{j:C o r y n e b a c t e r I um-': ab^-> 

[fg^iH9 2] fltfia.?. ^' V KM:0^ U D P - G a 1 '^'^fe >K fltiat^ 1 
'D^'^V/--- V ^ ->• 1- ^ >' -X -7 y - -^-rXi^ 1 , 4 - 7 :^ 1- v h 7 > >^ ? 

1 ^ 3 _ i7 > -> ;a 7 j- 7 - -'■f 'C^ ^ %n^<:^ 9 1 C--- nL!,^<?>i;"'So 

m%1^ 9 3 3 9_ 2 (- -ief^;^^fe-c'^ -■ •- -^'em i-gT ^ -h: -/ 9 

-aW. 0 1 c (R) ^-0-R'-t-S>U . ^.-T-RMi, - (CH^) n-CO 

XT-zfeV) ; Xfi. OH, 0R\ -NHNHzTJ^'i.^'^SPJ; R O H 

...p.r>^.^^-^ f Z^'LZilB-:?-'-'^ ^ 2- 18 co-».-e^^. jj^o 

JlL'ML9-il- ^![f:L^Iilg-=l^- ^ I t!) ^ U D P - G a 1 4 ' e >^ y - -tr 

j 

1 
I 



f 
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ttpdg^ 1 CO.i^l^X. 11 ^ ->.;V h ^ V .11 ^ -TC;6>G l c N A c >yy7.y:cy 
- 4i T'Sj I? . ^ LTHirfE?^ 1 CD ^- V :^ ^ KMtIj-^'U D P - G 1 c N A c "C^j 0 : 
L-CfiiriCIf;- 2 OiR^x. ^J'" \' -z^}\yhy> X 7 j- 7 - -if ^C;"-^ (> -> ;v h v- > 
7 'J ~ -t? , -C- UTflilfatj'i 2 (DJ^ ^ V U D P V > - 

[M^J^9 7] 7.^ > -M-^.>}-T- ^ (LNnT) 

a ) -0 2 CD.?: .■i' V^j- ;}-3 J: rj 

2 <r)m%^ ^ V rj -> ^ > x "7 .j. y - 

[fS 515 1 0 0 3 i o (7).$[HHa#! »\ y-"/ h~y }V h 7.y J.Z7 — ^ 1^ 
^> ^ LX^i crm&^^ij^ Ga 1 MAc f !/ >x 7 ^ y - -t: igro . 9 8 

1 o oo^ffljiai!;^^^ » .t /? 1 . 4 - G a I M A c h 7 > :a 7 7 - -tf > ttjfe >? 



(.JL3G) f^-JSiZOOZ 5 30 08 7 

1. 4-Ga 1 h7:-'X7^.7--4t\ UDP-Ga 1 WAc. -laJ:t>-UDP-G 

a 1 ; L^m<nmf\m-AK m.^^ ^ 2 . 3 - 7 ^; jv > 7 > ^ v - ? ^ 

fe J: C M P - T Ji'^^Sr-^fc . ::^v*o 

[ffi^^ffla Q 2] nircc M p — > r c m p - v r )i-m 



[ffi jjtj^ i 0 4 ] 1 o<Dmm'^-A\ B.^^ « 2 , 8 - T >; )v i- ^ > x 7 

1 0 4 r- niiiS(.«Oir"}^o 
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ENTERNATIONAL SEAHCH REPOKT 



buenmional appUcatiaa No. 
PCTyuS99/a7599 



A. CXJi^SSin CATION OF SUB-rECT MATTER 
rrc(7) :C12N9/IQ, 1/20, 15/00; C07H 21/04 

US CL :d3S/l93, 252.3. 2SASI, 320.1. 325. 6. 172.3 : 536/23.2. 24.3 
Accoiwng tct Jjannaacmal Paina. qassfficadon (IPC) or u> twxh naiipnal clanaifiiaiioa ajut 3PC 



B. FIELDS SEAHC31ED 



MiDiaUim dOcmDCHULiOD seairhed (cbssi^ccUon syjfcm foUcwcd fay ^afflificalios symboU) 
U.S. : 435/193, 2S2.3, 254.11. 320.1. 325, 6. 172.3 ; 536/23.2, 24.3 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is a reaction mixture for producing the product of a saccharide, this reaction mixture 
contains the plant cell or microbial cell of an acceptor saccharide and the 1 st mold here, and the plant 
cell or microbial cell of this 1st mold is the following. : a Nucleotidyl sugar and b Reaction mixture 
which carries out the catalyst of the shift of sugar to this acceptor saccharide from this nucleotidyl sugar, 
and produces the 1st recombination glucosyltransferase which forms the product of this saccharide. 
[Claim 2] The reaction mixture according to claim 1 chosen or more from one of the groups which said 
cell becomes from a bacterial cell, a yeast cell, a fungus cell, and a plant cell. 
[Claim 3] The reaction mixture according to claim 1 with which said cell is transparency —ization- 
processed or is divided. 

[Claim 4] The reaction mixture according to claim 1 said whose glycosyltransferase is 
fucosyltransferase and said whose nucleotidyl sugar is GDP-fucose. 

[Claim 5] The reaction mixture according to claim 1 said whose glycosyltransferase is a sialyltransferase 
and said whose nucleotidyl sugar is a CMP-sialic acid. 

[Claim 6] The reaction mixture according to claim 1 chosen from the group which said nucleotidyl sugar 
becomes from UDP-Gal, UDP-Glc, UDP-glucuronic acid, UDP-GalNAc, an UDP-galacturonic acid, 
and GDP mannose. 

[Claim 7] The reaction mixture according to claim 1 which produces said nucleotidyl sugar on the level 
on which said 1st type of cell went up as compared with the wild type cell. 

[Claim 8] The reaction mixture according to claim 7 which the level on which said nucleotidyl sugar 
went up produces from the deficit of the capacity of this cell to incorporate this nucleotidyl sugar in the 
polysaccharide usually produced by said cell. 

[Claim 9] A reaction mixture according to claim 7 with the level higher at least 10% than the level of the 
nucleotidyl sugar produced by said wild type cell on which said nucleotidyl sugar went up. 
[Claim 10] A reaction mixture according to claim 9 with the level higher at least 25% than the level of 
the nucleotidyl sugar produced by said wild type cell on which said nucleotidyl sugar went up. 
[Claim 1 1] The reaction mixture according to claim 1 compounded by the enzyme path in which said 
nucleotidyl sugar contains one or more ensymes discovered from a heterologous gene. 
[Claim 12] The reaction mixture according to claim 1 1 with which said recombination 
glycosyltransferase is a sialyltransferase, and said nucleotidyl sugar is a CMP-sialic acid, and said 
heterologous gene carries out the code of the CMP-sialic-acid synthase. 

[Claim 13] The reaction mixture according to claim 12 said whose acceptor saccharide is a lactose and 
whose product of said saccharide is a sialyl lactose. 

[Claim 14] The reaction mixture according to claim 11 said whose recombination glucosyltransferases 
are beta 1 and a 4-GalNAc transferase and said whose nucleotidyl sugar is UDP-GalNAc. 
[Claim 15] The reaction mixture according to claim 14 said whose acceptor is a lactose and whose 
products of said saccharide are beta 1 and a 4-GalNAc-lactose. 

[Claim 16] The reaction mixture according to claim 1 1 said whose recombination glucosyltransferase is 
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a GURUKO tosyl transferase and said whose nucleotidyl sugar is UDP-GaL 

[Claim 17] The reaction mixture according to claim 16 with which said glucosyltransferases are alpha 1 
and 3 -GURUKO tosyl transferase, and the product of said saccharide contains an end alpha 1 and 3 
connection galactose residue. 

[Claim 1 8] That said enzyme path is perfect or the reaction mixture containing some sugar nucleotide 
regenerative cycles according to claim 1 1 . 

[Claim 19] a reaction mixture according to claim 18 - it is - here — said nucleotidyl sugar - UDP- 
GalNAc ~ it is ~ and said sugar nucleotide regenerative cycle — following:UDP-GalNAc epimerase, 
UDP-GlcNAc pyrophosphorylase, GlcNAc-1 -kinase, polyphosphoric acid kinase, and pyruvate kinase; 
and UDP-GalNAc pyrophosphorylase, a GlcNAc-1 -kinase, a polyphosphoric acid kinase, and a pyruvate 
kinase ~ since — the reaction mixture containing the enzyme of the set chosen from the becoming group. 

[Claim 20] The reaction mixture according to claim 19 which contains further the 2nd cell type with 
which said reaction mixture produces the nucleotide used as a substrate to said sugar nucleotide 
regenerative cycle. 

[Claim 21] The reaction mixture containing the exogenous gene to which said 2nd cell type carries out 
the code of the nucleotide synthetase polypeptide which carries out the catalyst of the composition of 
said nucleotide according to claim 20. 

[Claim 22] Said 1st cell type contains the exogenous gene which carries out the code of the enzyme 
which carries out the catalyst of the composition of the sialic acid from fusion protein; containing the 
polypeptide which has :a3'-sialyltransferase activity below, and the polypeptide which has CMP-sialic- 
acid synthetase activity, and bGlcNAc; 

And the reaction mixture according to claim 21 with which said 2nd cell type contains the exogenous 
gene which carries out the code of the CMP-synthetase. 

[Claim 23] The reaction mixture according to claim 21 said whose 1st cell type is E.coli and this whose 
2nd cell type is yeast or Corynebacterium. 

[Claim 24] The reaction mixture according to claim 1 which produces the 2nd recombination 
glycosyltransferase in which said 1st type of cell carries out the catalyst of the shift of sugar to the 
product of said saccharide from said nucleotidyl sugar, and forms the product of the glycosylated further 

saccharide. 

[Claim 25] The reaction mixture according to claim 24 said whose 2nd recombination 
glycosyltransferase said nucleotidyl sugar is UDP-Gal, and said 1st recombination glycosyltransferase is 
beta 1 and 4-galactosyltransferase, and is alpha 1 and 3-galactosyltransferase. 

[Claim 26] It is a reaction mixture according to claim 25, and said acceptor saccharide is Glc (R) beta- 

O-R 1 here. Here Rl It is CH2 n-COX, and;X is chosen from the group which consists of OH, OR2, and 

-NHNH2, and R is OH or NAc. -;R2 Hydrogen, a saccharide, an oligosaccharide or the aglycon radical 

that has at least one carbon atom, and n are a reaction mixture which is the integer of 2-1 8. 

[Claim 27] The reaction mixture according to claim 25 produced with the enzyme discovered from the 

exogenous gene to which said UDP-Gal carries out the code of UDP-Gal4* epimerase and the UDP-Glc 

pyrophosphorylase. 

[Claim 28] a reaction mixture according to claim 1 - it is - here - said cell - foUowingia - the reaction 
mixture which carries out the catalyst of the shift of the sugar from the enzyme system, and the b this 
2nd nucleotidyl sugar for producing the 2nd nucleotidyl sugar at least to the product of said saccharide 
and which contains the 2nd recombination glycosyltransferase further at least. 
[Claim 29] the reaction mixture of claim 28 - it is - here - following: - the reaction mixture said 
whose 2nd nucleotidyl sugar said 1st recombination glycosyltransferase is a GlcNAc transferase, and 
said 1 St nucleotidyl sugar is UDP-GlcNAc, and; and said 2nd recombination glycosyltransferase are 
galactosyltransferases, and is UDP-galactose. 

[Claim 30] The reaction mixture according to claim 29 with which said reaction mixture forms 
RAKUTO-N-neo tetrapod OSU (LNnT). 

[Claim 31] The reaction mixture according to claim 1 with which said reaction mixture produces the 2nd 
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recombination glycosyltransferase which carries out the catalyst of the shift of sugar to the product of 
said saccharide from the :a 2nd nucleotidyl sugar and, and the b this 2nd nucleotidyl sugar below again 
and which contains the cell of the 2nd mold at least. 

[Claim 32] The reaction mixture according to claim 31 said whose 1st glycosyltransferase is 
galactosyltransferase and said whose 2nd glycosyltransferase is a GalNAc transferase. 
[Claim 33] the reaction mixture of claim 31 — it is — here — following: ~ said 1st cell type — rearranging 
— beta 1 , a 4-GalNAc transferase, and the reaction mixture with which it rearranges, and; and said 2nd 
cell type rearrange, and contain alpha 2, 3-sialyltransfer£ise, and a CMP-sialic acid including beta 1, a 4- 
Gal transferase, UDP-GalNAc, and UDP-Gal. 

[Claim 34] The reaction mixture according to claim 33 produced from CPT and GlcNAc by the enzyme 
system in said 2nd cell type in which said CMP-sialic acid contains recombination enzyme CMP-sialic- 
acid synthetase, GlcNAc epimerase, NeuAc aldolase, and CMP-synthetase. 
[Claim 35] The reaction mixture according to claim 33 said whose acceptor saccharide is 
lactosylceramide or RISO-lactosylceramide and whose product of a saccharide is ganglioside GM2. 
[Claim 36] The reaction mixture according to claim 33 with which said 2nd cell type rearranges and 
contains alpha 2 and 8-sialyltransferase further. 

[Claim 37] The reaction mixture according to claim 36 said whose acceptor is lactosylceramide or 
RISO-lactosylceramide and whose product of said saccharide is GD2. 

[Claim 38] The reaction mixture according to claim 1 with which said reaction mixture contains the cell 
of the 2nd mold which is produced by said 1 st type of cell, and which produces the nucleotide by which 
it is compounded from said nucleotidyl sugar again. 

[Claim 39] The nucleotide which is a reaction mixture according to claim 38, and is produced by said 
2nd cell type here, and corresponding nucleotidyl sugar are :UTP:UDP-Gal, UDP-GalNAc, UDP- 
GlcNAc, UDP-Glc, UDP-glucuronic acid, or an UDP-galacturonic acid below.; 

GTP:GDP-Fuc; and a CPT:CMP-sialic acid — since — the reaction mixture chosen from the becoming 
group. 

[Claim 40] It is the cell which produces the product of a saccharide and this cell is the following here. : a 
Recombination gene which carries out the code of the glycosyltransferase; 

b) enzyme system [ for forming the nucleotidyl sugar which is a substrate to this glycosyltransferase ]; — 
and — c Exogenous saccharide acceptor partial; 

It is the cell which this glycosyltransferase carries out the catalyst of the shift to this acceptor part from 
this nucleotidyl sugar an implication and here, and produces the product of this saccharide. 
[Claim 41] The cell according to claim 40 in which said enzyme system for forming nucleotidyl sugar 
contains the cycle enzyme for reproducing this nucleotidyl sugar. 

[Claim 42] The cell according to claim 40 said whose recombination gene which carries out the code of 
the glycosyltransferase is a heterologous gene. 

[Claim 43] The cell according to claim 40 which forms said nucleotidyl sugar on the level on which said 
cell went up as compared with the wild type cell. 

[Claim 44] The cell according to claim 43 which the level on which said nucleotidyl sugar went up 
produces from the deficit of the capacity of a cell to incorporate this nucleotidyl sugar to the 
polysaccharide usually produced by said cell. 

[Claim 45] The cell according to claim 44 which is what said deficit depends on the level on which 

polysaccharide glycosyltransferase activity decreased. 

[Claim 46] The cell according to claim 40 by which the product of said saccharide is produced at least 
by the concentration of about 1 mM. 

[Claim 47] The cell according to claim 40 in which said enzyme system for forming nucleotidyl sugar 
contains the enzyme in which a code is carried out by the heterologous gene. 

[Claim 48] The enzyme is a cell according to claim 47 and a code is carried out [ an enzyme ] by said 
heterologous gene here is following:GDP mannose DEHIDOROTAZE, GDP mannose 3, 5-epimerase, 
and GDP mannose 4-reductase.; 
UDP-galactose 4' epimerase; 
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UDP-GalNAc4' epimerase; 
CMP-sialic-acid synthetase; 

Pyrophosphorylase chosen from the group which consists of UDP-Glc pyrophosphorylase, UDP-Gal 
pyrophosphorylase, UDP-GalNAc pyrophosphorylase, GDP-mannose-pyrophosphorylase, and UDP- 
GlcNAc pyrophosphorylase;; 

Kinase chosen from the group which consists of myokinase, a pyruvate kinase, acetyl kinase, and 
creatine kinase; 

The cell which is one or more of UDP-Glc dehydrogenase and UDP-Gal dehydrogenase; and the 
pyruvate decarboxylase **s. 

[Claim 49] The cell according to claim 48 said whose nucleotidyl sugar is GDP-fiicose. 
[Claim 50] It is a cell including the enzyme system which is the cell which produces sulfation 
polysaccharide and produces heterologous gene; and PAPS to which this cell carries out the code of the 
sulfotransferase here. 

[Claim 51] The cell according to claim 50 chosen from the group which said sulfation polysaccharide 
becomes from a heparin sulfuric acid and carrageenin. 

[Claim 52] The cell according to claim 50 in which said enzyme system which produces PAPS contains 
one or more enzymes discovered from an exogenous gene, 

[Claim 53] It is the approach of producing the product of a saccharide, this approach includes the 
process which contacts a microbial cell or a plant cell to an acceptor saccharide here, and this cell is the 
following here. : a The enzyme system for forming nucleotidyl sugar; it reaches, b Approach containing 
the recombination glycosyltransferase which carries out the catalyst of the shift of sugar to this acceptor 
saccharide from this nucleotidyl sugar, and produces the product of a saccharide. 
[Claim 54] The approach according to claim 53 by which the code of said glycosyltransferase is carried 
out by the heterologous gene. 

[Claim 55] The approach according to claim 53 produced by said cell on the level on which the code of 
said glycosyltransferase was carried out to said cell by the gene which is exogenism, and it went up as 
compared with the cell wild type. 

[Claim 56] The approach according to claim 53 by which the product of said saccharide is produced by 
the concentration of about 1 mM at least. 

[Claim 57] The approach according to claim 53 by which said cell is transparency—ization-processed. 
[Claim 58] The approach according to claim 53 said cell is an intact cell. 

[Claim 59] The approach according to claim 53 said enzyme system for forming nucleotidyl sugar 
contains the enzyme in which a code is carried out by the heterologous gene. 

[Claim 60] The enzyme is an approach according to claim 59 and a code is carried out [ an enzyme ] by 
said heterologous gene here is following: GDP mannose dehydratase, the GDP-4-keto-6-deoxy-D- 
mannose 3, 5-epimerase, and GDP. - Keto-6-deoxy-L-glucose 4-reductase; 
UDP-galactose 4* epimerase; 
UDP-GalNAc4' epimerase; 
CMP-sialic-acid synthetase; 

Pyrophosphorylase chosen from the group which consists of UDP-Glc pyrophosphorylase, UDP-Gal 
pyrophosphorylase, UDP-GalNAc pyrophosphorylase, GDP mannose pyrophosphorylase, and UDP- 
GlcNAc pyrophosphorylase; kinase chosen from the group which consists of MIKOKINAZE, a 

pyruvate kinase, acetyl kinase, and creatine kinase; 

How to be one or more of UDP-Glc dehydrogenase and UDP-Gal dehydrogenase; and the pyruvate 
decarboxylase **s. 

[Claim 61] The approach according to claim 59 by which said enzyme for forming nucleotidyl sugar and 
a glycosyltransferase eire discovered as fusion protein. 

[Claim 62] The approach according to claim 61 said fusion protein includes CMP-sialic-acid synthetase 
activity and sialyltransferase activity. 

[Claim 63] The approach according to claim 61 said fusion protein includes galactosyltransferase 
activity and UDP-Gal4' epimerase activity. 
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[Claim 64] The approach according to claim 61 said fusion protein includes GalNAc transferase activity 
and UDP-GlcNAc4* epimerase activity. 

[Claim 65] The approach according to claim 53 said nucleotidyl sugar is GDP-fucose and said 
glycosyltransferase is fucosyltransferase. 

[Claim 66] The approach according to claim 53 of forming nucleotidyl sugar on the level on which said 
cell went up as compared with the wild type. 

[Claim 67] The approach according to claim 66 which the level on which said nucleotidyl sugar went up 
produces from the deficit of the capacity of this cell to incorporate this nucleotidyl sugar into the 
polysaccharide usually produced by said cell. 

[Claim 68] The approach according to claim 67 of being what said deficit depends on the level on which 
polysaccharide glycosyltransferase activity decreased. 

[Claim 69] It is the approach indicated by claim 53, and is here, and said cell/nucleotidyl sugar 
are : Azotobacter below. vinelandii/GDP-Man; 
A Pseudomonas kind / UDP-Glc, and GDP-Man; 
A Rhizobium kind / UDP-Glc, UDP-Gal, GDP-Man; 
An Erwinia kind / UDP-Gal, UDP-Glc; 

An Escherichia kind / UDP-GlcNAc, UDP-Gal, CMP-NeuAc, GDP-Fuc; 
A Klebsiella kind / UDP-Gal, UDP-GlcNAc, UDP-Glc, UDP-GlcNAc; 
Hansenula jadinii/GDP-Man, GDP-Fuc; 
Candida famata/UDP-Glc, UDP-Gal, UDP-GlcNAc; 

Saccharomyces cerevisiae/UDP-Glc, UDP-Gal, GDP-Man, GDP-GlcNAc; and X.campesti/UDP-Glc, 
and GDP-Man ~ since — approach chosen from the becoming group. 

[Claim 70] Said cell is Azotobacter. Approach according to claim 53 it is Vinelandii, said nucleotidyl 
sugar is GDP mannose, said acceptor saccharide is a lactose, and said glycosyltransferase is 
mannosyotransferase, and the product of said saccharide is a MANNO sill lactose. 
[Claim 71] Said cell is E.coli, said nucleotidyl sugar is a CMP-sialic acid, said acceptor saccharide is a 
lactose, said glycosyltransferase is a sialyltransferase, and the product of said saccharide is sialyl lactose 
**** and an approach according to claim 53. 

[Claim 72] It is an approach for compounding heparin, a heparan sulfate, and the related saccharide 
frame about a compound. Here this approach It is the process at which the acceptor saccharide 
containing end glucuronic acid or GlcNAc residue and a reaction mixture are contacted. Here this 
reaction mixture Following: The microbial cell or plant cell containing the following: a The enzyme 
system for forming UDP-GlcNAc; it reaches, b The catalyst of the shift of UDP-GlcNAc to the end 
glucuronic acid on this acceptor saccharide from this UDP-GlcNAc is carried out. Produce the acceptor 
saccharide containing end GlcNAc residue. Recombination GlcNAc transferase; and the following The 
included microbial cell or plant cell: a The enzyme system for forming UDP-glucuronic acid; it reaches, 
b The catalyst of the shift of the glucuronic acid from this UDP-glucuronic acid to the end GlcNAc 
residue on this acceptor saccharide is carried out. Recombination glucuronic acid transferase which 
produces the acceptor saccharide containing end glucuronic acid residue; 

How to include the process which continues ******^ a process, and this reaction vmtil this saccharide 
frame is compounded. 

[Claim 73] It is an approach according to claim 72, and said reaction mixture is the following here. : a 
Enzyme system for forming UDP-GlcNAc and UDP-glucuronic acid; 

b) Recombination GlcNAc transferase; reach, c Approach containing the single cell type containing a 
recombination glucuronic acid transferase. 

[Claim 74] The approach which has said enzyme system for forming UDP-glucuronic acid and a 
recombination glucuronic acid transferase in the 2nd cell type by said enzyme system for being an 
approach according to claim 72 and forming UDP-GlcNAc and a recombination GlcNAc transferase 
here being in the 1st cell type. 

[Claim 75] The approach according to claim 72 of containing the sugar nucleotide regenerative cycle of 
****** again with perfect either for producing UDP-GlcNac and UDP-glucuronic acid or said both 
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enzyme systems. 

[Claim 76] It is an approach for compounding heparin, a heparan sulfate, and a related compound. Here 
this approach The process at which a HEPARAN polysaccharide frame and the reaction mixture 
containing a microbial cell or a plant cell are contacted is included. This microbial cell or a plant cell 
Following: a The enzyme system for forming PAPS; it reaches, b Approach containing the 
recombination sulfotransferase which carries out the catalyst of the shift for the sulfuric acid from this 
PAPS to this HEPARAN polysaccharide frame, and produces N-sulfation polysaccharide. 
[Claim 77] The approach according to claim 76 said enzyme system for forming PAPS includes a PAPS 
cycle. 

[Claim 78] The approach are an approach according to claim 76, and this approach contacts said N- 
sulfation polysaccharide and glucuronic acid 5*-epimerase, and includes the process which converts one 
or more glucuronic acid residue in said polysaccharide frame into iduronic acid here. 
[Claim 79] said glucuronic acid 5* epimerase — this glucuronic acid 5' ~ the approach according to claim 
78 discovered by the cell which exists in said reaction mixture containing the gene which carries out the 
code of the epimerase. 

[Claim 80] It is the approach of including further the process which is an approach according to claim 
78, and this approach contacts said iduronic acid content N-sulfation polysaccharide and one or more O- 
sulfonyl transferases here, and forms a heparan sulfate. 

[Claim 81] The approach which is an approach according to claim 80 and is discovered by the cell in 
which said O-suIfotransferase contains the gene which carries out the code of the O-sulfotransferase 
here, and which exists in said reaction mixture. 

[Claim 82] The approach according to claim 81 said cell which discovers said O-sulfotransferase 
includes the enzyme system for forming PAPS further. 

[Claim 83] The acceptor saccharide in which it is an approach according to claim 76, and said 
HEPARAN polysaccharide frame contains rend glucuronic acid or GlcNAc residue below here, It is the 
process at which a reaction mixture is contacted. Here this reaction mixture following: 1 The microbial 
cell containing the following, or plant cell: a enzyme system [ for forming UDP-GlcNAc ]; - and - b 
The catalyst of the shift of GlcNAc to the end glucuronic acid on this acceptor saccharide from this 
UDP-GlcNAc is carried out. Produce the acceptor saccharide containing end GlcNAc residue, 
recombination GlcNAc transferase; — and ~ 2 The microbial cell containing the following, or plant cell: 
a enzyme system [ for forming UDP-glucuronic acid ]; - and ~ b The catalyst of the shift of the 
glucuronic acid from this UDP-glucuronic acid to the end GlcNAc residue on this acceptor saccharide is 
carried out. Recombination glucuronic acid transferase which produces the acceptor saccharide 
containing end glucuronic acid residue; 

The approach of being acquired by the approach which includes the process which continues ******^ a 
process, and this reaction until this saccharide frame is compounded. 

[Claim 84] The approach which it is an approach according to claim 72, and this approach processes a 
HEPARAN polysaccharide frame by the base here, and sulfurates a HEPARAN polysaccharide frame 
chemically and forms N-sulfation HEPARAN polysaccharide frame and which includes a process 
further. 

[Claim 85] It is the approach of including further the process which is an approach according to claim 

84, and this approach contacts said N-sulfation polysaccharide and glucuronic acid 5'-epimerase here, 
and converts one or more glucuronic acid residue in said polysaccharide frame into iduronic acid. 
[Claim 86] It is the approach of including further the process which is an approach according to claim 

85, and this approach contacts said iduronic acid content N-sulfation polysaccharide to one or more O- 
sulfotransferase here, and forms a heparan sulfate. 
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* NOTICES * 

iTPO and NCI PI are not: responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

(Background of invention) 
(Field of invention) 

This invention relates to the enzymatic synthesis of a saccharide (oligosaccharide is included) product. 
Especially this invention relates to the activity of the cell which compounds the reactant used for the cell 
and glycosyltransferase catalyst saccharide composition which discover a glycosyltransferase. This 
approach enables composition of the product of the complex saccharide within a single container which 
uses available comparatively cheap starting material easily. 
[0002] 

(Background) 

Although the oligosaccharide which has the branching structure and various association which a 
monomer can connect mutually sends information in a short array, it has bigger possibility than other 
biology oligomer of arbitration. Bacteria count will have been carried out if there are more permutations 
of the isomer about TORISAKKARIDO which consists of three hexoses than 38,000 (Laine(1994) 
Glycobiology 4:1-9). When this count is expanded replaceable [ three hexoses which have sugar of 20 
with which it is most generally found out ], the number of possible permutations goes up until straight 
chain structure and branching structure exceed 9 million. 
[0003] 

The effectiveness of many oligosaccharide isomers enables many evolution of a receptor- 
oligosaccharide pair which interacts in a specific format to altitude. For the isomer permutation from 
which these many differ, at least a part plays an important role in various biological interactions with an 
extensive carbohydrate. For example, a carbohydrate functions as a recognition element which produces 
association with the leucocyte to each ligand, and other cells. A carbohydrate can work as a receptor to 
the drugs of infectivity, and is contained in self-recognition again. A carbohydrate is often contained in a 
signal device. 
[0004] 

An understanding which the role of the carbohydrate in such a biological process increased produced the 
big demand about the approach of compounding desired carbohydrate structure. Although it is 
indispensable to the biological functions of a carbohydrate, possible connection of a large number which 
a carbohydrate can form complicates composition of a carbohydrate dramatically. For this reason, a 
glycosyltransferase and its role in enzymatic catalyst composition of a carbohydrate are studied by 
current large-scale. A glycosyltransferase shows high singularity and is useful in formation of the 
limited array and the carbohydrate structure of connection. The activity of the glycosyltransferase for the 
enzymatic synthesis of a carbohydrate offers the remarkable advantage substantially exceeding the 
chemical approach for perfect stereoselectivity and connection singularity offered with an enzyme (for 
example, refer to Ito et al., (1993) Pure Appl.Chem.65:753, U.S. Pat. No. 5,352,670, and 5,374,541). 
Therefore, a glycosyltransferase is increasingly used as an enzyme-catalyst in composition of many 
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carbohydrates used for the therapy-object and other objects. 
[0005] 

However, production of the commercial scale of a carbohydrate compound is complicated by the cost 
and the difficulty in the case of often obtaining the reactant used for the enzymatic synthesis of a 
carbohydrate, and chemical composition, or [ that especially the nucleotidyl sugar used as a substrate to 
many glycosyltransferases is expensive ] - or it is difficult for obtaining. Furthermore, in order that 
composition may produce the oligosaccharide which requires many glycosyltransferases from 1 , the 
need of obtaining and refining two or more glycosyltransferases may increase the cost and the 
complexity of composition of an oligosaccharide dramatically. 
[0006] 

Recently, the system use based on the cell about oligosaccharide composition was indicated, in order 
that Endo and others (1999) (Carbohydrate Res.316:179-183; - refer to Koizumi et al. and (1998) 
Nature Biotechnology 16:847-850) may produce N-acetyl lactosamine, the activity of coupling of the 
combination of a different cell type is indicated, and each produces different glycosyltransferase 
nucleotidyl sugar. However, these approaches need various cell types to each reaction, and one produces 
a transferase, and others produce nucleotidyl sugar. 
[0007] 

An approach to have improved the enzymatic synthesis of a carbohydrate compound and the precursor 
used for these composition promote generation of many useful compounds. This invention fulfills these 
and other needs. 
[0008] 

(Summary of this invention) 

This invention offers the approach of production of the reaction mixture of the cell base, a 
recombination cell, and the product of a saccharide. A reaction mixture carries out the catalyst of the 
shift of sugar to an acceptor saccharide from an acceptor saccharide, a nucleotidyl sugar, and b 
nucleotidyl sugar typically, and the first mold of the plant cell which produces the recombination 
glycosyltransferase which forms the product of a saccharide, respectively, or a microbial cell is 
mentioned. In an operation gestalt desirable now, a cell produces nucleotidyl sugar on high level rather 
than it is produced by the wild type cell. In some operation gestalten, a cell contains one or more 
outpatient department student genes which carry out the code of the enzyme contained in nucleotidyl 
sugar composition. 
[0009] 

This invention offers the approach and reaction mixture of the cell base in case various saccharide 
connection is carried out again. Some methods of attaining this are offered. For example, this invention 
offers the cell which more recombination glycosyltransferases than 1 discover. In some situations, both 
glycosyltransferases use the same nucleotidyl sugar. For example, anti-invention offers the cell which 
discovers two recombination galactosyltransferases (for example, alpha 1, 3 -glycosyltransferase and 
beta 1, 4-glycosyltransferase), and these both use UDP-galactose as a sugar donor. In other operation 
gestalten, each of the recombination glycosyltransferase produced by the cell requires different 
nucleotidyl sugar (for example, the cell which discovers a GalNAc transferase and galactosyltransferase 
produces both UDP-GalNAc and UDP-Gal). 
[0010] 

Two or more glycoside connection may be obtained by using a reaction mixture, this reaction mixture - 
the first cell type ~ in addition — respectively ~ a - the catalyst of the shift of sugar to the saccharide 
produced by the first glycosyltransferase reaction at least from the second nucleotidyl sugar, and the b 
second nucleotidyl sugar is carried out — the second recombination glycosyltransferase is produced at 
least - the second cell type is included at least. For example, the reaction mixture of this invention may 
contain the cell which produces recombination galactosyltransferase and a GlcNAc transferase with the 
second cell type which produces a recombination sialyltransferase and a CMP-sialic acid with 
corresponding nucleotidyl sugar. 
[0011] 
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In some operation gestalten of this invention, a reaction mixture contains one or more cell types which 
produce the recombination enzyme which carries out the catalyst of the whole or some nucleotidyl sugar 
regenerative cycles. These cells are useful in order to reproduce a sugar nucleotide, and as for these, they 
are comparatively more expensive than cheap starting material. When a sugar nucleotide is consumed, a 
nucleoside and other reaction components are reused and produce the further sugar nucleotide. 
Therefore, the amount of the product of the saccharide obtained from a reaction increases. 
[0012] 

The further operation gestalt of this invention offers the reaction mixture in the case of being produced 
by the cell type of an except, when one or more reactants for nucleotidyl sugar composition produce the 
enzyme which carries out the catalyst of the composition. For example, the reaction mixture of this 
invention may contain one cell type which produces a nucleotide with another cell type which offers 
nucleotidyl sugar synthetase. Moreover, one cell type can offer a nucleotide precursor and, on the other 
hand, another cell type produces the enzyme contained in composition of a nucleotide. 
[0013] 

This invention offers the cell and reaction mixture with which a cell type produces fusion protein 
including the catalyst domain of a glycosyltransferase, and the catalyst domain of an enzyme included in 
composition of the nucleotidyl sugar committed as a sugar donor about a glycosyltransferase again. The 
example of instantiation-is a cell which produces the fusion protein with which tiie catalyst domain of a 
sialyltransferase is found out with the catalyst domain of CMP-sialic-acid synthetase. 
[0014] 

This invention offers the recombination cell for compoxmding heparin, a heparan sulfate, and a related 
compound, a reaction mixture, and an approach again. In some operation gestalten, this invention offers 
the cell and reaction mixture for the activity in the approach for compounding the polysaccharide frame 
about heparin, a heparan sulfate, and a related compound. These approaches Terminal glucuronic acid or 
GlcNAc residue the included acceptor saccharide includes the process in contact with the reaction 
mixture containing the following : The microbial cell containing the following, or plant cell: enzyme 
system [ for forming aUDP-GlcNAc ]; ~ and ~ In order to produce the acceptor saccharide containing b 
terminal GlcNAc residue The recombination GlcNAc transferase which carries out the catalyst of the 
shift to terminal glucuronic acid from UDP-GlcNAc of GlcNAc on an acceptor saccharide; in a row The 
microbial cell or plant cell containing the following: a UDP-glucuronic acid The enzyme system for 
forming; it reaches. In order to produce the acceptor saccharide containing b terminal glucuronic acid 
residue The recombination glucuronic acid transferase which carries out the catalyst of the shift to 
terminal GlcNAc residue from the UDP-glucuronic acid of the glucuronic acid on an acceptor 
saccharide; in a row Process which a reaction advances until a polysaccharide frame is compoimded. 
[0015] 

The reaction mixture and approach for compounding a reaction mixture and heparin, a heparan sulfate, 
and a related compound are also offered by presenting N-sulfation, epimerization, and/or O-sulfation 
with a HEPARAN polysaccharide frame. A HEPARAN saccharide frame is N by either of the enzyme- 
sulfurating methods including the process contacted to the reaction mixture containing the microbial cell 
which base-processes, and contains the following (a) and (b) for chemical sulfation or a HEPARAN 
polysaccharide frame continuously, or a plant cell. - It may be sulfurated. : The enzyme system for 
forming aPAPS; it reaches. Recombination sulfotransferase which carries out the catalyst of the shift to 
a HEPARAN polysaccharide from PAPS of sulfate in order to produce a bN-sulfation polysaccharide. In 
an operation gestalt desirable now, the enzyme system for forming PAPS contains a PAPS cycle. 
[0016] 

The approach for compounding a heparan sulfate, heparin, carrageenin (carragenin), and a related 
compound contacts N-sulfation polysaccharide to glucuronic acid 5'-epimerase, and may include further 
the process which changes one or more glucuronic acid residue in a polysaccharide frame into iduronic 
acid. The iduronic acid content N-sulfation polysaccharide obtained is contacted one by one with one or 
more O-sulfotransferase, and can form a heparan sulfate. Both epimerase, and both [ either or ] may be 
produced by the recombination cell which exists in this reaction mixture. 
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[0017] 

(Detailed explanation) 
(Definition) 

Generally, the cell of this invention, the reaction mixtvire, and the approach are useful in order to 
produce the product of a saccharide by shifting a mono-saccharide or a sulfate radical to an acceptor 
molecule from a donor substrate. Generally addition takes place at the nonreduction end of the 
oligosaccharide on a living thing molecule, polysaccharides (for example, heparin, carrageenin, etc.), or 
a carbohydrate part, it is like a carbohydrate, protein (for example, glycoprotein), and a lipid (for 
example, a glycolipid, phospholipid, sphingolipid, and ganglioside) as a living thing molecule which is 
defined in this description ~ although an important molecule is mentioned biologically, it is not limited 
to these. 
[0018] 

The following abbreviations are used in this description. : Ara= arabino sill; 
Fru= FURUKU tosyl; 

Fuc= fucosyl; 
Gal= galactosyl; 

GalNAc=N-acetyl GARAKUTOSAMINIRU; 
Glc= glycosyl; 

GlcNAc=N-acetyl guru KOSAMINIRU; 

Man= MANNOSHIRU; it reaches. NeuAc= sialyl (N-acetyl noy lamination nil). 
[0019] 

Typically, a sialic acid is 5-N-acetyl neuraminic acid or (NeuAc) 5-N-glycolylneuraminic acid (NeuGc). 
However, other sialic acids may be used instead. It is related with the total theory of a gestalt that the 
suitable sialic acids in this invention differ, and they are Schauer and Methods, in Enzymology, 50:64- 
89 (1987) and Schavir, Advances in Carbohydrate Chemistry and Refer to Biochemistry and 40:131-234. 

[0020] 

The donor substrate about a glycosyltransferase is the activated nucleotidyl sugeir. Generally such 
activated sugar consists of a derivative of the sugar which a uridine, guanosine 2 phosphoric acid and 
cytidine 1 phosphoric acid, nucleoside 2 phosphoric acid, or 1 phosphoric acid commits as a leaving 
group. The nucleotidyl sugar with which others were activated can sometimes be used for a bacteria 
system, a vegetable system, and a fungus system. 
[0021] 

An oligosaccharide is not concemed with whether the saccharides of a reducing terminal are reducing 
sugar actually, but it is considered that it has a reducing terminal and a nonreduction end. According to 
the accepted nomenclature, a nonreduction end is followed on left-hand side, it follows a reducing 
terminal on right-hand side, and an oligosaccharide is illustrated in this description, the ring of the n2ime 
with which, as for all the oligosaccharides indicated in this description, nonreducing sugars (for 
example. Gal) are related or an abbreviated name, and the reducing sugars which participate in a 
glycosidic linkage (alpha or beta), ring association, and association succeedingly — subsequently it is 
indicated with the name or abbreviated name of reducing sugars (for example, GlcNAc). the connection 
between two sugar (2, 3, and 2->3 ~ or (2 3)) may be shown. [ for example, ] Each saccharide is a 
pyranose or a furanose, 
[0022] 

Many of nomenclatures demanded in this application and general laboratory procedures are Sambrook et 
al. and Molecular. Cloning: A Laboratory Manual (the 2nd edition), one to three volumes. Cold Spring 
Harbor Laboratory, Cold Spring Harbor, New It may be found out by York and 1989. In this manual, 
reference is made with "Sambrook and others" below in the inside of this description. 
[0023] 

The vocabulary "a nucleic acid" contains a nucleic acid and the well-known analog of the natural 
nucleotide to hybridize in the format of the nucleotide which exists naturally, and resemblance, unless it 
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says one of the deoxyribonucleotide polymers or ribonucleotide polymers of a single strand gestalt or a 
double strand gestalt and is limited to others. Unless it is shown in others, a specific nucleic-acid array 
includes the complement2iry sequence. 
[0024] 

The vocabulary "connected possible [ actuation ]" says the functional connection between a nucleic-acid 
manifestation control array (for example, array of a promotor, a signal sequence, or a transcription factor 
binding site), and the second nucleic-acid array, and a manifestation control array influences the imprint 
and/or translation of a nucleic acid corresponding to the second array here. 
[0025] 

When used about a cell, the vocabulary "recombination" shows that the peptide or protein by which a 
cell reproduces a different-species nucleic acid, or a code is carried out with a different-species nucleic 
acid is discovered. A recombination cell may contain the gene which is not found out by the native (non- 
recombination) mold of a cell. A recombination cell may contain the gene found out by the native mold 
of a cell again, and a gene is changed here, and it is reintroduced into a cell by the artificial means. ; 
containing the cell which contains the nucleic acid of intemality in the cell changed without this 
vocabulary removing diffusion from a cell again — such an alteration contains gene substitution, site- 
directed mutagenesis, and the thing obtained by the related technique. 
[0026] 

A "recombination nucleic acid" says the nucleic acid (for example, formed of connection of the nucleic- 
acid fragmentation which exists in two nature, or syntfietic nucleic-acid firagmentation) built artificially. 
This vocabulary is applied to the nucleic acid produced by the duplicate or imprint of the nucleic acid 
built artificially again. A "recombination polypeptide" is discovered by the imprint of a recombination 
nucleic acid (namely, nucleic acid changed from the gestalt which exists in the nucleic acid which is not 
native into a cell, or its nature), and translation of the imprint object which might continue. 
[0027] 

The "different-species polynucleotide" or the "different-species nucleic acid" used in this description 
makes a specific host cell from a foreign supply source, and, in the same supply source origin, is 
changed from the original gestalt. Therefore, the different-species glycosyltransferase gene in a 
procaryote host cell contains the glycosyltransferase gene changed by the specific host cell although it 
was intemality. The alteration of a different-species array may arise. For example, by processing DNA 
using a restriction enzyme and producing the DNA fragment which may be connected with a promotor 
possible [ actuation ], a technique like site-directed mutagenesis is useful again in order to change a 
different-species array. 
[0028] 

The array of the nucleic acid or amino acid with which a "partial array" includes a part of long array of a 

nucleic acid or amino acid (for example, polypeptide), respectively is said. 

[0029] 

It is the recombination nucleic-acid structure produced by the resultant using the "recombination 
manifestation cassette" or nucleic-acid element with which a "manifestation cassette" may only 
influence the manifestation of the structural gene in the host of such an array and compatibility. A 
manifestation cassette contains an imprint stop signal in a promotor and arbitration at least. Typically, a 
recombination manifestation cassette contains the nucleic acid (for example, nucleic acid which carries 
out the code of the desired polypeptide) imprinted, and a promotor. The need or the further useful factor 
may be used for achieving a manifestation again so that it may be indicated in this description. For 
example, a manifestation cassette includes the nucleotide sequence which carries out the code of the 
signal sequence which points to secretion of the protein discovered from the host cell again. Other 
nucleic-acid arrays which influence an imprint stop signal, an enhancer, and gene expression may be 
included in a manifestation cassette again. 
[0030] 

The "fusion glycosyltransferase polypeptide" of this invention is a polypeptide including a 
glycosyltransferase catalyst domain and the second catalyst domain of die accessory enzyme (for 
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example, CMP-Neu5Ac synthetase or UDP-glucose 4' epimerase (galE)) origin. A fusion polypeptide 
can carry out the catalyst of composition of a sugar nucleotide (for example, CMP-NeuAc or UDP-Gal), 
and the shift of sugar residue to an acceptor molecule from a sugar nucleotide. Typically, the catalyst 
domain of a fusion polypeptide is substantially the same at least in the catalyst domain of the 
glycosyltransferase and fusion protein with which a catalyst domain is guided. 
[0031] 

An "accessory enzyme" in case reference is made in this description is an enzyme which participates in 
carrying out the catalyst of the reaction (for example, the substrate or other reactants about a 
glycosyltransferase reaction being formed). An accessory enzyme can carry out the catalyst of the 
formation of the nucleotidyl sugar used by the glycosyltransferase as a sugar donor part. An accessory 
enzyme may be used for production of the nucleotide 3 phosphoric acid required of formation of 
nucleotidyl sugar, or production of the sugar built into nucleotidyl sugar again. 
[0032] 

The part of enough enzymes for a "catalyst domain" to carry out the catalyst of the enzyme-reaction 
usually carried out with an enzyme is said. For example, since sialic-acid residue is shifted to an 
acceptor saccharide from a sugar donor, the catalyst domain of a sialyltransferase contains the part of 
sufficient sialyltransferase. A catalyst domain may include the further amino acid sequence which does 
not contact an enzyme or a partial array so that the whole enzyme and its partial array may be included 
or it may be found out naturally. 
[0033] 

The ingredient which is not substantially [ the vocabulary "isolated" / the component which interferes in 
the activity of an enzyme ], or intrinsically is said. The ingredient which is not normally substantially 
[ the vocabulary "isolated" / the component accompanied by an ingredient which is found out in the 
native condition ], or intrinsically is said about the cell of this invention, a saccharide, a nucleic acid, and 
a polypeptide, the case where the saccharide, the protein, or the nucleic acid firom which this invention 
was isolated is typically measured by other approaches for determining the reinforcement or purity of a 
band on the gel which carried out the argentation — at least — about 80% purity ~ usually — at least ~ 
about 90% - and it is pure about 95% at least preferably. Purity or homogeneity may be shown in the 
field concerned by many well-known approaches (for example, visualization by the polyacrylamide gel 
electrophoresis of a protein sample or a nucleic-acid sample, and continuing dyeing). About the specific 
object, a high resolution is needed and HPLC or the similar purification approach is used. 
[0034] 

When the vocabulary "the same" or percent "identity" is measured about two or more nucleic-acid arrays 
or polypeptide arrays using one of the following array comparison algorithms, or when comparing and 
aligning about the greatest response by visual inspection, the specific percent of the two or more same 
arrays, a partial array, the same amino acid residue, or a nucleotide is said. 
[0035] 

It is related with two or more nucleic acids or polypeptides, and when measured using one of the 
following array comparison algorithms, or when comparing and aligning about the greatest response by 
visual inspection, two or more the arrays or partial arrays which have nucleotide identity or amino-acid- 
residue identity 90 - 95% most preferably are said [ phrase / "substantially the same" ] 80% preferably at 
least 60%. Substantial identity exists over the field of the array of the die length of about 50 residue 
preferably at least, and it migrates to the field of about 100 residue at least more preferably, and this 
array is substantially the same over about 150 residue most preferably at least. In the most desirable 
operation gestalt, the array is substantially the same covering the die length of the whole coding region. 
[0036] 

About an array comparison, typically, one array works as a reference array and it is compared with a test 
array. When using an array comparison algorithm, a test array and a reference array are inputted into a 
computer, if required, a partial array coordinate will be designed, and array algorithm program 
parameter is designed. Subsequently, an array comparison algorithm calculates the percent array identity 
about the test array over a reference array based on the designed program parameter. 
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[0037] 

Alignment of the arbitration of the array for a comparison For example. Smith and Waterman, With the 
partial homology algorithm of Adv.Appl,Math.2:482 (1981) With Needleman and Wunsch, and the 
homology alignment algorithm of J.Mol. Biol. 48:443 (1970) Pearson and Lipman, 
Proc.Nat*LAcad.Sci.USA With the similarity search method of 85:2444 (1988) Activation which these 
algorithms computerized 0 [ Wisconsin Genetics Software Package, Genetics Computer Group, ] [ 575 
Science ] Dr., Madison, GAP of WI, BESTFIT, FASTA, and TFASTA or a sight-check (it Biolog(ies) 
Current Protocols in Molecular [ ] — ) F. M.Ausubel et al., **, Current Protocols, Greene Publishing 
Associates, and Inc. and John the venture (1995 supplement) (Ausubel) of solidarity between 
Wiley&Sos and Inc. ~ general ~ referring to ~ it may be carried out. 
[0038] 

The example of a suitable algorithm to determine percent array identity and similarity is a BLAST 
algorithm and BLAST. It is 2.0 algorithms and these are [ Altschul et al. (1990), J.Mol.Biol.215:403- 
410 (1990), and Altschuel / Nucleic ] (1977). Acid It is indicated by Res.25:3389-3402, respectively. 
The software for performing BLAST analysis is National. Center for Biotechnology It is publicly 
available through Information (HYPERLINK http://www.ncbi.nlm.nih.gov/) 

http://vvww.ncbi.nlm.nih.gov/. When this aligns with the WORD of the same die length under database 
array including this algorithm identifying a high scoring array pair (HSP) first by identifying the short 
WORD (word) of die-length W under array of an inquiry, it is in agreement with some forward 
threshold scores T, or satisfied. T is called contiguity WORD score threshold (Altschul et al., above). 
These initial contiguity WORD hits act as seed for the retrieval initiation for finding [ rather than ] out 
long HSP including them. Subsequently, as long as an accumulation alignment score may increase, a 
WORD hit meets each array and is elongated to both directions. An accumulation score is calculated 
about a nucleotide sequence using Parameters M (compensation score; to the pair of residue in 
agreement always > 0), and N (penalty score; to the residue of an inequality always <0). About an amino 
acid sequence, in order that a scoring matrix may calculate an accumulation score, it is used. Expanding 
of the WORD hit in each direction originates in are recording of the negative scoring residue alignment 
beyond; 1 ** to which only an amount X decreases from the value to which :accumulation alignment 
score which is suspended in the following cases reached the max, and the end of; from which an 
accumulation score becomes less than [ zero or it ], or a thing [ any ] array reaches. The BLAST 
algorithm parameters W, T, and X determine the sensibility and the rate of alignment. A BLASTN 
program uses the comparison of the word length (W) of 11, the expected value (E) of 10, M= 5, N= 4, 
and both chains as a default (nucleotide sequence). About an amino acid sequence, a BLASTP program 
uses the word length (W) of 3, the expected value (E) of 10, and a BLOSUM62 scoring matrix as a 
default parameter (refer to Henikoff and Henikoff, and Proc.Natl.Acad.Sci.USA 89:10915 (1989)). 
[0039] 

In addition to calculating percent identity, a BLAST algorithm performs statistical analysis of the 
similarity between two arrays again (for example, refer to Karlin and Altschul, and 
Proc.Natl.Acad.Sci.USA 90:5873-5787 (1993)). One scale of the similarity offered by the BLAST 
algorithm is the minimum sum total probability (smallest sum probability) (P (N)), and this offers the 
index of the probability for coincidence between two nucleotide sequences or an amino acid sequence to 
arise by chance. For example, less than about 0.1, more preferably, less than about 0.01 and when it is 
less than about 0.001 most preferably, it considers that the minimum sum total probability in a 
comparison of as opposed to the criteria nucleic acid of a trial nucleic acid in a nucleic acid is similar to 
a criteria array. 
[0040] 

The further index [ polypeptide / two nucleic-acid arrays or ] substantially of being the same is that the 
polypeptide by which a code is carried out with the first nucleic acid carries out a cross reaction to the 
polypeptide by which a code is carried out with the second nucleic acid immunologically so that it may 
be indicated below. When it follows, for example, two peptides change only with conservative 
substitution, the polypeptide is substantially the same to the second polypeptide typically. Substantially, 
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like the publication to the following of two molecules, under stringent conditions, I hear that two 
nucleic-acid arrays hybridize the same another index mutually, and it has them. [0041] 
When an array exists in the complex mixture (for example, cell whole) DNA and RNA, it says [ phrase / 
. "it hybridizes specifically" ] combining a molecule only with a specific nucleotide sequence under 
stringent conditions, double-strand-izing, or hybridizing. 
[0042] 

Although a probe hybridizes the vocabulary "stringent conditions" with the target sequence, it says 
conditions which do not hybridize which other arrays, stringent conditions — an array — it is anaclitic 
and differs in a different envirormient. A longer array is specifically hybridized at higher temperature. 
Generally, in the ionic strength and pH which were specified, about 5 degrees C of stringent conditions 
are low chosen from the heat melting point (Tm) of a specific array. Tm is temperature (setting to the 
ionic strength, pH, and nucleic-acid concentration which were specified) which 50% of a probe 
complementary to a target sequence hybridizes to a target sequence by the equilibrium state. (Generally, 
when a target sequence exists too much in Tm, 50% of a probe is equilibrium) . typical — stringent 
conditions — pH 7.0-8.3 — salt concentration — about — Na+ ion of under l.OM ~ it is — typical — about 
0.01 -l.OM It is Na+ ion concentration (or other salts), and they are the conditions which temperature is 
about 30 degrees C at least about a short probe (for example, ten to 50 nucleotide), and are about 60 
degrees C at least about a long probe (for example, longer than 50 nucleotides). Stringent conditions 
may be attained again using addition of an instability agent like formaldehyde. 
[0043] 

A phrase "it joins together specifically" or "it is immunoreactivity specifically" say the ligation reaction 
which can determine existence of the protein or other antigens in existence of protein, a saccharide, and 
the different-species ensemble of other biologicals, when making reference about an antibody. 
Therefore, a specific antibody is preferentially combined with a specific antigen under the designed 
immunoassay conditions, and other molecules which exist in a sample and a significant amount are not 
combined. Specific association to the antigen imder such conditions needs the antibody chosen about the 
singularity over a specific antigen. Various immunoassay formats may be used in order to choose a 
specific antigen and the antibody which is immunoreactivity specifically. For example, solid phase 
ELISA immunoassay may be idiomatically used, in order to choose as an antigen the monoclonal 
antibody which is immunoreactivity specifically. It is related with a format of the immunoassay which 
may be used in order to determine specific immunoreactivity, and the publication of conditions, and they 
are Harlow and Lane (1988), and Antibodies: A. Laboratory Manual, Cold Spring Harbor Publication, 
New Refer to York. 
[0044] 

"The variation changed in preservation" of a specific polynucleotide array says the same array 
intrinsically, when the same amino acid sequence or the polynucleotide which carries out the code of the 
same amino acid sequence intrinsically is said or a polynucleotide does not carry out the code of the 
amino acid sequence. For the degeneracy of a genetic code, the same nucleic acid carries out the code of 
the predetermined polynucleotide of arbitration functionally [ many ]. For example, all the codons CGU, 
CGC, CGA, COG, AG A, and AGG carry out the code of the amino acid arginine. Therefore, a codon 
may be changed into the codon to which the indicated arbitration corresponds in all the parts to which an 
arginine is specified by the codon, without changing the polypeptide by which the code was carried out. 
The variation of such a nucleic acid is a "silence permutation" or a "silence variation", and these are one 
of "the variations changed in preservation." All the polynucleotide arrays indicated in this description 
which carries out the code of the polypeptide indicate all possible silence variations again, unless it is 
warned by others. Therefore, a silence permutation is the description all the nucleic-acid arrays that 
carry out the code of the amino acid were indicated to be. This contractor understands the child who 
may be changed in order that each codon in a nucleic acid (except for AUG which is originally a codon 
only to a methionine) may obtain the same molecule functionally with a standard technique. In some 
operation gestalten, the nucleotide sequence which carries out the code of the enzyme is optimized for 
the manifestation in the specific host cells (for example, yeast, mammalian, vegetation, a fimgus, etc.) 
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preferably used in order to produce an enzyme. 
[0045] 

1 in the amino acid sequence permuted by different amino acid which similarly has the dramatically 
similar description, or the "preservation-amino acid substitution" of some amino acid is easily identified 
noting that it is dramatically similar to the specific amino acid sequence or the specific nucleic-acid 
array which carries out the code of the amino acid again. Such a variation of the specific array of 
arbitration permuted in preservation is the description of this invention. Change, addition or each 
permutation that carries out deletion, deletion, or addition is "a variation changed in preservation" about 
the single amino acid in a coding sequence, or the amino acid of few percent (typically less than 5%, 
more typically less than 1%), and this change produces a permutation with similar amino acid 
chemically [ amino acid ]. The table of the conservative substitution which offers similar amino acid 
functionally is common knowledge in the field concerned. For example, Creighton (1984) Protein, 
W.H.Freeman and Refer to Company. 
[0046] 

(Explanation of a desirable operation gestalt) 

This invention offers the approach of the cell base for compounding the product of a saccharide in 
enzyme. The reaction mixture useful to an approach and recombination cell for compounding the 
product of a saccharide are also offered, the nucleotidyl sugar which the cell which produces a 
recombination glycosyltransferase is used for this invention, and works as a sugar donor to a 
recombination glycosyltransferase — also containing — it produces. In an operation gestalt desirable 
now, the cell containing the enzyme needed for sugar nucleotide reuse by which nucleotidyl sugar is 
reproduced continuously is used for the reaction mixture of this invention. Unlike the available 
approach, this invention cormects a nucleotidyl sugar reversion system to a recombination 
glycosyltransferase in a single recombination living thing or a single cell before for the saccharide 
composition like an enzyme. This invention is useful in order to produce the product (an 
oligosaccharide, a polysaccharide, RIPOORIGO sugar, lipopolysaccharide, ganglioside, other 
glycolipids, and a glycoprotein are included) of an extensive saccharide. The reaction mixture for 
disappearing, and sulfation polysaccharides (for example, heparin, a heparan sulfate, carrageenin, etc.) 
being, and carrying out them, a recombination cell, and an approach are also offered. 
[0047] 

Generally, the product of a saccharide is a recombination glycosyltransferase which carries out the 
catalyst of the shift of the enzyme system for producing :a nucleotidyl sugar produced by contacting an 
acceptor saccharide to at least one cell type containing the following and the sugar from nucleotidyl 
sugar to an acceptor saccharide, and produces the product of a saccharide. In order to produce the 
product of a saccharide by this invention, including the recombination cell which it is useful to this 
approach and is obtained, and a recombination cell, a useful reaction mixture is offered again. In order to 
produce a sulfation saccharide and other sulfation molecules, a reuse system is preferably used for this 
approach and a reaction mixture including at least one cell type which produces the recombination 
sulfotransferase and produces a sulfate donor (for example, PAPS) again. 
[0048] 

The reaction mixture and approach of the cell base of this invention offer the remarkable advantage for 
the enzymatic synthesis of an oligosaccharide which exceeds the available approach before. Often 
expensive and/or acquisition are difficult for the nucleotidyl sugar which works as a donor substrate to a 
glycosyltransferase in the first place. Therefore, I hear that the need of supplying the activated 
nucleotidyl sugar is excepted, and there is one advantage of this invention. The living thing of this 
invention can produce continuously the nucleotide which a sugar nucleotide and/or sugar add. In an 
operation gestalt desirable now, the reuse of the exhausted nucleotide produced by shift of the sugar 
from a sugar nucleotide between product formation may arise again. A living thing is because the 
enzyme-process which carries out the reconstititution of either a sugar nucleotide or a nucleotide is 
included. A recombination glycosyltransferase is produced by the cell again. Therefore, continuous 
production of a product may produce the initiation from a cheap source material. The need of refining all 
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of an enzyme that participate in a glycosyltransferase or nucleotidyl sugar composition is twisted, and; 
cell is set in the reaction mixture which only has a suitable acceptor part and other suitable reactants 
required for glycosyltransferase activity. 
[0049] 

Therefore, it not only produces a specific glycosyltransferase, but it may attain quickness and 
comparatively cheap [ quite efficient and ] composition of the product of a desired saccharide through 
the activity of the cell which may have a nucleotidyl sugar donor compounded from the cheap reactant 
about a glycosyltransferase. The saccharide produced using the approach of this invention finds out 
many activities including a diagnostic activity and a therapy-activity (for example, hood staff). 
[0050] 

(A. Recombination cell which discovers a glycosyltransferase and nucleotidyl sugar synthetic enzyme) 
This invention offers the recombination cell which produces the nucleotidyl sugar which discovers at 
least one glycosyltransferase and may function as a sugar donor about a glycosyltransferase. Generally, 
the code of the glycosyltransferase is carried out with a different-species nucleic acid (namely, the 
nucleic acid which is not native into a cell or is changed from the intracellular native gestalt; such a 
glycosyltransferase is mentioned as "recombination", "exogenism", or a "different-species" 
glycosyltransferase in this description). A cell contains one or more exogenous genes which carry out 
the code of the enzyme which participates in composition of nucleotidyl sugar again if needed. 
Typically, an enzyme is a part of enzyme system for producing nucleotidyl sugar. A different-species 
nucleic acid may be a polynucleotide which is not endogenous, or is the alteration mold of the 
polynucleotide which is endogenous and is obtained into a cell at a cell. In some application, a cell 
contains more exogenous genes than 1 which carries out the code of the enzyme which participates in 
many exogenous glycosyltransferase genes and/or nucleotidyl sugar composition from 1 . 
[0051] 

or [ that the recombination cell of this invention generally produces the polynucleotide which carries out 
the code of the specific enzyme ] — or ~ otherwise, it obtains, a polynucleotide for which it asks is 
changed, a polynucleotide is arranged to the manifestation cassette under control of a promotor and 
other suitable control signals, and it may be produced by introducing a manifestation cassette to a cell. 
More enzymes than 1 may be discovered in the same host intracellular by either of more expression 
vectors than 1 which exists in intracellular [ the same expression vector or intracellular / same ]. 
[0052] 

(1. Glycosyltransferase) 

The recombination cell of this invention contains at least one heterologous gene which carries out the 
code of the glycosyltransferase about the enzyme-saccharide composition including a 
glycosyltransferase reaction. As for many glycosyltransferases, it is well-known that they are 
polynucleotide arrays. For example, refer to "The WWW Guide To Cloned 

Glycosyltransferases" (http://www.vei.co.uk/TGN/gt guide.thm). The nucleotide sequence which carries 
out the code of the glycosyltransferase an amino acid sequence may be presumed to be is found out in an 
available database (GenBank, Swiss-Plot, EMBL, etc. are included) publicly [ versatility ] from a 
glycosyltransferase amino acid sequence and there again. 
[0053] 

The glycosyltransferase which may be used by intracellular [ of this invention ] is igalactosyltransferase 
which is not limited to them although the following is included, fucosyltransferase, glucosyltransferase, 
N-acetyl galactosaminyl transferase, N-acetyl GURUKOSAMI nil transferase, glucuronyl transferase, a 
sialyltransferase, mannosyotransferase, a glucuronic acid transferase, a glucuronic acid transferase, and 
an oligo SAKKARIRU transferase. A suitable glycosyltransferase contains what is obtained from 
eukaryote and a procaryote. 
[0054] 

For example, many mammalian glycosyltransferases are cloned, and it was discovered and 
recombination protein is characterized in respect of a donor and acceptor singularity. The 
glycosyltransferase is studied through site-directed mutagenesis in the attempt which carries out the base 
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of the residue which participates in a donor or acceptor singularity again. It follows. Although the 
recombination cell which discovers fusion protein about which it argues in this description is produced 
Identification of a useful catalyst domain it is made easy (AokiEMBO(s)(1990).J.9:3171-3178; - 
Harduin-Lepers et ai. (1995) - Glycobiology 5(8):741-758;Natsuka - and Lowe(1994) Current) 
Opinion in Structural Biology [ 4:683-691;Zu] .234:323-328;SetoJ(1997).BioLChem.272: (1995) 
Biochem.Biophys.Res.Comm. - 206 (1) :362-369;SetoEur(s)(1995)J.Biochem 14133-141388. 
[0055] 

The method of obtaining a glycosyltransferase nucleic acid and such a nucleic acid is well-known to this 
contractor. Cloning of the glycosyltransferase nucleic acid (for example, cDNA, a genome, or a partial 
array (probe)) may be carried out, or it may be amplified by the in vitro approach (for example, 
polymerase chain reaction (PCR), a ligase chain reaction (LCR), magnification (transcription-based 
amplification system) (TAS) of the imprint base, a self-self-sustaining array duplicate system (SSR)). 
Extensive various cloning and the methodology of magnification by in vitro one are common knowledge 
at this contractor. The example of enough these techniques and descriptions to guide this contractor 
through many cloning drills iBerger and Kimmel, Guide which are found out below to Molecular 
Cloning Techniques, Methods in Enzymology 152 Academic Press, Inc., San Diego and CA 
(Berger);Sambrook(s) (1989) Molecular Cloning-A Laboratory 1-3 Manual(s) (the 2nd edition). Cold 
Spring Harbor Laboratory, Cold Spring Harbor Press, NY,;(Sambrook et al.) Current Protocols in 
Molecular The volumes Biology and on F.M.Ausubel, Current Protocols, Greene Publishing 
Association, Inc. and John Wiley&Sons, the joint venture between Inc.; (Ausubel (1994 supplements)) 
[ Cashion et al., ] U.S. Pat. No. 5,017,478; and Carr, the Europe patent No. 0,246,864. The example of 
sufficient technique to guide this contractor through the in vitro magnification approach iBerger and 
Sambrook which are found out below, and Ausubel, And Mulis U.S. Pat No. 4,683,202 (1987) ;P CR 
Protocols A Guide to Methods and Applications(volumes on Innis) Academic Press Inc. San Diego, CA 
(1990) (Innis);Amheim, and Levinson(October 1, 1990) C&EN36-47;The Joumal Of NIH Research 
3:81-94; (1991) Q [ Kwoh] (1989) Proc.Nat4.Acad.Sci.USA 35: 86:1173 ~;GuatelliProc(s) 
(1990).Nat'l.Acad.Sci,USA87 and 1874;LomellJ(1989).Clin.Chem. - 1826;Landegren(s) (1988) 
Science 241:1077-1080;Van Brunt(1990) Biotechnology 8:291-294;Wu, Wallace(1989) Gene4:560;, 
and Barringer(s) (1990) Gene 89:1 17. 
[0056] 

Glycosyltransferase protein or DNA which carries out the code of the partial array, and DNA which 
carries out the code of the enzyme which participates in formation of the nucleotidyl sugar indicated 
below For example, suitable cloning of an array and a suitable limit, Narang et al. [ or ] 
Meth.Enzymol.68: (1979) The phosphotriester method of 90-99; Brown et al. Meth.Enzymol.68: (1979) 
The phosphodiester method of 109-151; Include the direct chemosynthesis by approach like 
BeaucageTetra(s)(1981).Lett,, diethyl phosphorousaminodite method [ of 22:1859-1862 ];, and the 
solid-state base material method of U.S. Pat. No. 4,458,066. It may be prepared by the suitable approach 
of arbitration which is indicated above. With one desirable operation gestalt, the nucleic acid which 
carries out the code of the glycosyltransferase may be isolated by the idiomatic croning process. For 
example, the nucleotide sequence of a glycosyltransferase which is offered in GenBank or other array 
databases may be used in order to provide the glycosyltransferase mRNA in the glycosyltransferase gene 
in a genomic DNA sample, or the total RNA sample (for example, it can set to Southem blotting or a 
Northern blot) with the probe hybridized specifically. Once a target glycosyltransferase nucleic acid is 
identified, the standard approach that it is well-known to this contractor It Manual(s). for example, 
SambrookMolecular(s)(1989) Cloning: A Laboratory [ ] ~ The 2nd edition, 1-3 volumes. Cold Spring 
Harbor Laboratory;Berger and Kimmel(1987) Methods in Enzymology, 152 volumes: Guide to 
Molecular Cloning Tequniques, SanDiego: Academic Press, Inc.;, or Ausubel(s) (1987) CurrentProtocols 
in Molecular Biology and Greene Publishing and Wiley-Interscience, New It follows with reference to 
York and may be isolated. 
[0057] 

Cloning of the glycosyltransferase nucleic acid may be carried out by detecting the product discovered 
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by the assay based on a physical property, chemical property, or an immunological property again. For 
example, the glycosyltransferase nucleic acid by which cloning was carried out can be identified 
according to the capacity which carries out the catalyst of the shift of a monosaccharide to an acceptor 
part from the donor of the polypeptide by which a code is carried out with a nucleic acid. By the 
desirable approach, a resultant is detected using capillary electrophoresis, this high sensitivity assay — 
Wakarchuk et al. (1996) — it is related with using either of the aminophenyl derivatives of the 
monosaccharide by which an indicator is carried out using fluorescence which is indicated by 
J.Biol. Chem.271 (45):2827 1-276, or a disaccharide. For example. Neisseria In another side on which 
either FCHASE-AP-Lac or FCHASE-AP-Gal may be used in order to carry out assay of the IgtC 
enzyme, it is Neisseria. The suitable reagent for a IgtB enzyme is FCHASE-AP-GlcNAc (same as the 
above). 
[0058] 

As an altemative for carrying out cloning of the Glico transferase gene, chemosynthesis of the 
glycosyltransferase nucleic acid may be carried out from the well-known array which carries out the 
code of the glycosyltransferase. Chemosynthesis generates the standard oligonucleotide of a single 
strand. This may be converted into duplex deoxyribonucleic acid by the polymerization using the DNA 
polymerase which uses a single strand as a template by high buri die ZEJON using a complementary 
array. Although the chemosynthesis of DNA is often restricted to the array of about 100 bases, this 
contractor understands that a longer array may be acquired by connection of a shorter array. 
[0059] 

Or cloning of the partial array may be carried out, and a suitable partial array may be cut using a suitable 
restriction enzyme. Subsequently, fragmentation may be connected in order to generate a desired DNA 
array. 
[0060] 

With one operation gestalt, cloning of the glycosyltransferase nucleic acid may be carried out using the 
DNA magnification approach (for example, polymerase chain reaction (PGR)). It follows, for example, 
PGR magnification of a nucleic-acid array or the partial array is carried out using a sense primer 
including one restriction enzyme part (for example, Ndel), and an antisense primer including another 
restriction enzyme part (for example, Hindlll). This generates the nucleic acid which carries out the 
code of a desired glycosyltransferase array or a desired partial array, and has an end restriction enzyme 
part. Subsequently, this nucleic acid may be easily connected into the vector containing the nucleic acid 
which carries out the code of the 2nd molecule, and has a suitable corresponding restriction enzyme part. 
A suitable PGR primer may be determined by this contractor using the array information offered in 
GenBank or other supply sources. A suitable restriction enzyme part may be added to the nucleic acid 
which carries out the code of the glycosyltransferase protein or the protein partial array by site-directed 
mutagenesis again. A plasmid including the nucleotide sequence or partial array which carries out the 
code of the glycosyltransferase is cut using suitable restriction endonuclease, and is connected into the 
suitable vector for the magnification and/or the manifestation according to an approach standard 
subsequently. 
[0061] 

Other physical properties of the polypeptide discovered from a specific nucleic acid may be compared 
with the property of a well-known glycosyltransferase in order to offer the option which identifies the 
nucleic acid which carries out the code of the glycosyltransferase. Or a presumed glycosyltransferase 
gene may vary and the role of a glycosyltransferase may be established by detecting the variation of the 
structure of the oligosaccharide usually produced by the glycosyltransferase. 
[0062] 

With some operation gestalten, to change the nucleic acid of a glycosyltransferase or an accessory 
enzyme may be wished. This contractor recognizes many approaches of generating the change in a 
predetermined nucleic-acid structure. Exposure to the mutagen or radiation containing PGR 
magnification using site-directed mutagenesis and a degeneracy oligonucleotide as the approach of such 
common knowledge and a nucleic acid of a cell, the chemosynthesis (combining with the ligation for. 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 1/26/2006 



THIS BUNK (uspto) 



JB,2002-530087,A [DETAILED DESCRIPTION] 



Page 13 of 47 



for example, generating a big nucleic acid and/or cloning) of a desired oligonucleotide, and the 
technique of other common knowledge are mentioned. For example, Giliman and Smith(1979) Gene 
8:81-97 and Roberts(es) (1987) Nature Refer to 328:731-734. 
[0063] 

With a desirable operation gestalt, the recombination nucleic acid which exists in the cell of this 
invention is changed so that the desirable codon which increases a translation of the nucleic acid in the 
selected living thing may be included (for example, the desirable codon of yeast is permuted to the code 
nucleic acid for the manifestation in yeast). 
[0064] 

The glycosyltransferase of almost all arbitration may be used in the reaction mixture and approach of 
this invention. A suitable glycosyltransferase is chosen based on the product of the specific saccharide 
for which it asks. The following lists of glycosyltransferases are not limited although instantiation is 
meant. 
[0065] 

(a) Fucosyltransferase 

With some operation gestalten, a glycosyltransferase is fucosyltransferase. Much fucosyltransferase is 
well-known to this contractor. Simply, as fucosyltransferase, either of these enzymes that shift L-fucose 
to the hydroxyl of acceptor sugar from GDP-fucose is mentioned. With some operation gestalten, 
acceptor sugar is GlcNAc in the Galbeta(l->4) GlcNAcbeta radical for example, in oligosaccharide 
glycoside. As suitable fucosyltransferase for this reaction Galbeta(3 l-> 4) GIcNAcbetal -alpha (3 l-> 4) 
fucosyltransferase (FTIII E.C. number 2.4.1.65) (this) it characterized from himian milk to the beginning 
(Palcic et al. and Carbohydrate Res.l90:l-1 1 [ ;P ] (1989) - rieels et al. -) J. Biol.Chem.256: 10456- 
10463(1981);, and Nunez et al.. Refer to Can.J.Chem.59:2086-2095 (1981). And Galbeta(l->4) GlcNAc 
beta-alpha (l->3) fucosyltransferase (FTIV, FTV, FTVI and FTVII, E.C. number 2.4.1.65) (this is found 
out in a Homo sapiens blood serum) is mentioned. The recombination gestalt of Galbeta(3 l-> 4) 
GIcNAcbetal -alpha (3 l-> 4) fucosyltransferase is also characterized (refer to Dumas et al., 
Bioorg.Med. Letters 1:425-428 (1991) and Kukowska-Latallo et al., and Genes and Development 
4:1288-1303 (1990)). As other instantiation-fucosyltransferases, alpha 1 and 2 fucosyltransferase (E. C. 
number 2.4,1.69) is mentioned, for example. Enzyme-fucosyl-ization may be performed by the approach 
indicated by MoUicone et al., Eur.J.Biochem. 191: 169-1 76 (1990), or U.S. Pat. No. 5,374,655. The cell 
used in order to produce fucosyltransferase includes the enzyme system for compounding GDP-fucose 
again. 
[0066] 

(b) Galactosyltransferase 

With another operation gestalt of a group, a glycosyltransferase is galactosyltransferase. When using 
galactosyltransferase, the cell containing an exogenous galactosyltransferase gene includes the enzyme 
system for compounding UDP-Gal again. In addition to a recombination cell, a reaction culture medium 
contains an oligosaccharide acceptor part and a divalent metal cation preferably. As instantiation- 
galactosyltransferase alpha (1 3) galactosyltransferase (E.) [ C. number 2.4.1.151] For example, 
Dabkowski et al., Transplant Proc.25:2921 (1993), and Yamamoto et al.. Nature 345:229-233 (1990), a 
cow G04989, Joziasse et al. [ GenBank ] (1989) J.Biol.Chem. 264:14290 -14297), A mouse (Larsen et 
al. [ GenBank m26925; ] (1989) Proc.Nat'l.Acad.Sci.USA 86:8227 -8231), Buta (Strahan et al. 
[ GenBank L36152; ] (1995) Immvmogenetics 41:101 -105) — referring to — it is mentioned. Suitable 
alpha 1 [ another ] and 3 galactosyltransferase is alpha 1 and 3 galactosyltransferase (2.4.1.37, 
Yamamoto et al. [ EC ] (1990) J.Biol.Chem. 265:1 146 -1151 (Homo sapiens)) which participates in 
composition of a B blood group antigen. 
[0067] 

moreover, as a suitable thing for the activity in the approach and recombination cell of this invention It 
is alpha (1 4) galactosyltransferase. As these EC 2.4.1.22 [ for example, ] (lactose synthetase) (a cow 
(D'Agostaro et al. (1989) Eur.J.Biochem. 183:21 1 -217) -) 2.4.1.90 (LacNAc synthetase) and EC Homo 
sapiens (Masri et al. (1988) Biochem.Biopys.Res.Commun. 157:657 -663), A mouse (Nakazawa et al. 
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(1988) J.Biochem. 104:165 -168), E.C.2.4.1.38, and ceramide galactosyltransferase (E. C.2.4.1.45 and 
Stahl(s) (1994) J) Neurosci.Res.3 8:234-242 is mentioned. As other suitable galactosyltransferases, alpha 
1 and 2 galactosyltransferase (for example, Schizosaccharomyces pombe, the ChapellMol(s) 
(1994).Biol.Cell 5:519 -528 origin) is mentioned, for example. 
[0068] 

(c) Sialyltransferase 

A sialyltransferase is another mold of useful galactosyltransferase in the recombination cell and reaction 
mixture of this invention. The cell which produces a recombination sialyltransferase produces a CMP- 
sialic acid again, and this is a sialic-acid donor about a sialyltransferase. As an example of the suitable 
sialyltransferase for the activity in this invention ST3Gal III (for example, ST3Gal III of a rat or Homo 
sapiens), ST3Gal IV, ST3Gal I, ST6Gal I, ST3Gal V, ST6Gal II, ST6GalNAc I, ST6GalNAc II and 
ST6GalNAc an approach which is indicated by III (Tsuji et al. [ The sialyltransferase nomenclature used 
in this description, ] (1996) Glycobiology 6: v-xiv) - it is - it is mentioned. The instantiation-alpha (2 
3) sialyltransferase called alpha (2 3) sialyltransferase (EC 2.4.99.6) shifts a sialic acid to the 
nonreduction end Gal of a Galbetal ->3Glc disaccharide or glycoside. Van den Refer to Eijnden et al., 
J.Biol.Chem., 256:3159 (1981), Weinstein et al., J.Biol.Chem., 257:13845 (1982) and Wen et al., 
J.Biol.Chem., and 267:2101 1 (1992). Instantiation alpha 2 [ another ] and 3 -sialyltransferase 
(EC. 2.4. 99.4) shift a sialic acid to the nonreduction end Gal of a disaccharide or glycoside. Refer to 
Rearick et al., J.Biol.Chem., 254:4444 (1979) and Gillespie et al., J.Biol.Chem., and 267:21004 (1992). 
As further instantiation-enzyme, they are Gal-beta -1 and 4-GlcNAc. alpha-2 and 6 sialyltransferase 
(Kurosawa et al., Eur.J.Biochem.219:375-381 (1994)) is mentioned. 
[0069] 

(d) Other glycosyltransferases 

Other glycosyltransferases which may be contained by the recombination host cell of this invention are 
indicated by the detail about a sialyltransferase, galactosyltransferase, and fiacosyltransferase. In a detail, 
a glycosyltransferase again For example, glucosyltransferase Alg8 (Stagljov et al., 
Proc.Natl.Acad.Sci.USA 91 :5977 (1994)) or Alg5 (Heesen et al. -) [ for example, ] 
Eur.J.Biochem.224:71 (1994) For example, alpha(l 3) N-acetyl galactosaminyl transferase, beta(l 4) N- 
acetyl galactosaminyl transferase (Nagata et al. -) J. Biol.Chem.267:12082-12089 (1992), and Smith et 
al., J. ~ Biol.Chem.269: 15 162 (1994) and polypeptide N-acetyl galactosaminyl transferase (Homa et al. 
-) J. It may be N-acetyl galactosaminyl transferase like Biol.Chem.268: 12609 (1993). As a suitable N- 
acetyl GURUKOSAMI nil transferase GnTI (2.4.1.101, Hull et al., and BBRC 176:608 (1991) -) GnTII 
and GnTIII (Ihara et al., J.Biochem.l 13:692 (1993)), GnTV (Shoreiban et al., J.Biol.Chem.268: 15391 
(1993)), an O-connection N-acetyl GURUKOSAMI nil transferase (Bierhuizen et al. -) 
Proc.Natl.Acad.Sci.USA 89:9326 (1992), An N-acetyl glucosamine- 1 -phosphoric-acid transferase 
(Rajput et al., Biochem J.285:985 (1992)) and HIARURONAN synthase are mentioned. As suitable 
mannosyotransferase, alpha (12) mannosyotransferase, alpha (1 3) mannosyotransferase, beta (14) 
mannosyotransferase, Dol-P-Man synthase, and OChl and Pmtl are mentioned. 
[0070] 

The glucosyltransferase of a procaryote is useful in the recombination cell and reaction mixture of this 
invention again. The enzyme which participates in composition of RIPOORIGO sugar (LOS) is 
mentioned to such glucosyltransferase, and this enzyme is produced by many Gram negative bacterium. 
This LOS has the end glycan array which copies typically the glycoconjugate found out on a human 
epithelial cell or in host secrete (Preston et al. (1996) Critical Reviews in Microbiology 23 (3) : 139 - 
180). In such an enzyme, they are E.coli and Salmonella. Although the protein of the rfa operon of a 
kind like typhimurium is mentioned, it is not limited to these. In these enzymes, beta 1 and 6 
galactosyltransferase and beta 1 , 3 galactosyltransferase (For example, refer to the EMBL registration 
number M80599 and the M86935(E. coli);EMBL registration number S56361 (S. typhimurium)) 
Glucosyltransferase (Swiss-Prot registration number P25740 (E. coli)), 2-glucosyl truss FERAZE (rgaJ) 
(the Swiss-Prot registration number P27129 (E. coli) and Swiss-Prot registration number P19817 (S. 
typhimurium)) beta 1 - And beta 1, a 2-N-acetyl GURUKOSAMIMI nil transferase (rfaK) (the EMBL 
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registration number U00039 (E. coli) is mentioned.) Other glucosyltransferases with a well-known 
amino acid sequence are the operon like rfaB (this is characterized in an organism like Klebsiella 
peumoniae, E.coli, Salmonella typhimurium, Salmonell enterica. Yersinia enterocolitica, and 
Mycobacterium leprosum), and Pseudomonas. The array in which a code is carried out by the rhl operon 
of aeruginosa is included. 
[0071] 

Moreover, RAKUTO-N-neo tetrapod OSU (neotetraose). The D-galactosyl - beta-1, 4-N-acetyl-D-guru 
KOSAMINIRU - beta-1, the 3 -D-galactosyl - beta-1, a 4-D-glucose, And the glucosyltransferase which 
participates in producing the structure containing the array of Pk blood-group Tori sugar, the D- 
galactosyl - alpha- 1, the 4-D-galactosyl - beta-1, and a 4-D-glucose Are suitable in order to use it in the 
cell of this invention. These Mucosal-diseases original object Neisseria It is identified in LOS of 
gonnorhoeae and N. meningitidis (Scholten et al. (1994) J.Med.MicrobioL 41:236 -243). It is identified 
from the N.meningitidis immunity molds L3 and LI (Jennings et al. (1995) Mol.Microbiol. 18:729 - 
740), and N.meningitidis and N.gonorrhoeae which carry out the code of the glycosyltransferase which 
participates in the biosynthesis of these structures are the N.gonorrhoeae variant F62 (Gotshlich(1994) 
J.Exp.Med. 180:21 8 1-2190). N. In meningitidis, the locus which consists of three sorts of genes (IgtA, 
Igt and IgE) carries out the code of the glucosyltransferase enzyme needed for the last three sugar in a 
RAKUTO-N-neo tetrapod OSU chain (Wakarchuk et al. (1996) J.Biol.Chem. 271:19166 -73). Recently, 
****** of IgtB and a IgtA gene product is proved, and these offer the 1st direct evidence about these 
advocated glucosyltransferase functions (Wakarchuk et al. (1996) J.Biol.Chem. 271:19171 -276). N. in 
gonorrhoeae, two sorts of further genes, IgtD and IgtC, exist, and IgtD adds beta-D-GalNac to the 3rd 
place of the end galactose of the RAKUTO-N-neo tetrapod OSU structure, and IgtC adds the lactose 
element of the compaction mold LOS for end alpha-D-Gal ~ this forms Pk blood group group-antigens 
structure (Gotshlich (1994) above). N. In meningitidis, it is shown that the separation immunity mold LI 
has a IgtC gene by discovering Pk blood group antigen again (Jennings et al. (1995) above). Neisseria 
glucosyltransferase and the gene of the relation are indicated by USPN5,545,553 (Gotshlich) again. 
Helicobacter alpha 1, 3-fucosyltransferase, and the gene of the pylori origin are also characterized 
(Martin et al. (1997) J.Biol.Chem. 272:21349 -21356). 
[0072] 

(e sulfotransferase) 

This invention offers the approach for producing a recombination cell, a reaction mixture, and a 
sulfation molecule again, and heparin, a heparan sulfate, Carrageenan (carragenen), and a related 
compound are mentioned to this sulfation molecule. In these operation gestalten, the reaction mixture of 
this invention contains the recombination cell containing at least one heterologous gene which carries 
out the code of the sulfotransferase. Such a cell produces an active sulfate-ized agent like 3 - phospho 
adenosine -5*-phospho sulfate (PAPS) again. The gene of the cell which can sulfurate an oligosaccharide 
or a polysaccharide is offered by including one or more sulfotransferase genes in the cell which 
produces PAPS again by either which is nature or minds addition of a PAPS cycle playback enzyme 
(drawing 1 1). In the suitable sulfotransferase, for example, the chondroitin-6-sulfotransferase (Fukuta et 
al. (1995) the fowl cDNA given in the J.Biol.Chem.270:l 8575-1 8580;GenBank registration number 
D49915), Glycosaminoglycan N-acetyl glucosamine N-DEASECHIRAZE / N-sulfotransferase 1 
(DixonGenomics(es)( 1995)26:239- 241; UL18918), And glycosaminoglycan N-acetyl glucosamine N- 
DEASECHIRAZE / N-sulfotransferase 2 (it reaches OrellanaJ(1994).Biol.Chem.269-2270-2276) 
[ Eriksson] (1994) Homo sapiens cDNA of a publication is mentioned to the cDNA;GenBank 
registration number U2304 of a mouse given in J.Biol.Chem.269: 10438-10443. 
[0073] 

(2. Attached enzyme which participates in composition of nucleotidyl sugar and other reactants) 
A glucosyltransferase reaction needs the nucleotidyl sugar which acts as a sugar donor. In some 
operation gestalten, the recombination cell of this invention can produce the sugar nucleotide which acts 
as a sugar donor for the glucosyltransferase which is nature and is produced by the cell, and the 
nucleotide to which the sugar molecule adheres (for example, refer to drawing 1 A). However, some 
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cells are nature, and in order to produce the saccharide which is the product of a desired amount, they do 
not produce sufficient quantity of a nucleotide, either of the nucleotidyl sugar, or those both. In such a 
situation, the recombination cell of this invention contains not only the heterologous gene of 
glucosyltransferase but at least one heterologous gene which carries out the code of the attached enzyme 
(for example, refer to drawing 1 B). 
[0074] 

An attached enzyme contains the enzyme which participates in formation of nucleotidyl sugar. For 
example, it can participate in being able to participate in an attached enzyme adhering sugar to a 
nucleotide, or producing sugar or a nucleotide. Since an organism produces either a nucleotide or a sugar 
nucleotide continuously and a recombination enzyme also exists, continuous production of a product 
leaves the raw material of low cost, and may be caused. Recycle of the used nucleotide produced from 
the rearrangement of the sugar of the sugar nucleotide origin may also be caused during formation of a 
product. The organism is because an enzyme process is included in order to change either a sugar 
nucleotide or a nucleotide. The attached enzyme which participates in composition of nucleotidyl sugar 
is common knowledge at this contractor. About the outline of composition of a bacterial polysaccharide, 
and the nomenclature of a gene, they are Reeves et al. and Trends. Refer to Microbiol.4:495-503 (1996). 

[0075] 

In a current desirable operation gestalt, the enzyme system for forming nucleotidyl sugar contains the 
enzyme in which a code is carried out by the heterologous gene. Such a cell offers the means for 
forming desired nucleotidyl sugar which is not produced by the cell of a wild type or is not usually 
intentionally produced by the cell of a wild type with a high level. In some examples, the enzyme in 
which a code is carried out by the heterologous gene may convert the nucleotide or nucleotidyl sugar 
produced by the cell into different nucleotidyl sugar which can act as a substrate for a desired ligation 
reaction. The enzyme in which a code is carried out by the heterologous gene in other cases is 
autogenous, or is either as a result of the substrate added to the cell, and can compound nucleotidyl 
sugar from other substrates (for example, nucleotide) found out by the cell. Composition and/or the shift 
reaction of two or more nucleotidyl sugar may be attained by using the cell containing the heterologous 
gene exceeding 1 which carries out the code of the enzyme which participates in composition of 
nucleotidyl sugar. 
[0076] 

The gene which carries out the code of the enzyme for the whole sugar nucleotide regenerative cycle 
may be introduced into an organism with the target glucosyltransferase. Therefore, the recombination 
cell obtained can produce both desired nucleotidyl sugar and a desired product (drawing 8 A and 
drawing 8 B). The path and enzyme which participate in composition of nucleotidyl sugar are common 
knowledge at this contractor. About the outline of composition of a bacterial polysaccharide, and the 
nomenclature of a gene, they are Reeves et al. and Trends. Refer to Microbiol.4:495-503 (1996). The 
examples of the cycle enzyme used for production of various nucleotidyl sugar are enumerated by the 
table 1 . 
[0077] 

Table 1 . Each of a cycle process enumerated by 1 1 or less cycle enzyme needs either of the enzymes 
needed for reproducing the supply source or nucleotide of nucleotide triphosphoric acid in a nucleotide 
triphosphoric acid gestalt. 
[0078] 
[Formula 1] 



http://www4.ipdl.ncipi.go,jp/cgi-bin/tran_web_cgiejje 1/26/2006 



THIS nikm (usPTO) 



JR,2002-530087,A [DETAILED DESCRIPTION] 



Page 17 of 47 



GlcNAc -^H-JiV 

xjDP-GicNAc t:'D.r.x;T>'rrr 

GlcNAc/GalNAc U'f 
GlcNAc h7>A7x7-t" 

Gal tt-t' 

UDP-Gal 

Gal h7:'X7i7-fc" 

Gal t47jV -2 
. UDP-Gal 4'-: Itri5-t" 
UDP-GIc {fO|iAjt'}7-r 

ST t^!;;f 

ST ft^^ i VV)i\/\-T^^7:^r 

NeuAc TA/i^l-t" 
GlcNAc" Iff?- 1- 

Fuc fl'^il^-l 

GDP-FucIt°j7-tV n"77- 1- 
GDP-Fuc tt.K7V-f 
GDP-Man b'D ,T*;^/pi?-t" 

7J v^t. hv7»7^?-fe." 



GalNAc t^^il'-l 
UDP-GalNAc 

UDP-GlcNAc . VaMAi'f 
GlcNAcl-;- Jf^za'^tr-t" =* 
*{n^ A t -J t t-r dW&'GlcNAc 

GlcNAc h7:';^7x7-t" 

GalNAc t'fJit'- 
UDP-GalNAc TO >^^$ 'J 7-t' 
GlcNAc WAl^l-t' 
GlcNAc/GalNAc 1 1 - 1' 

Man W>V 

GDP-Man l'S^%Ap]l-'z:' 

r-^CMP-SA Maiff!x7^|-t 



Fuc Mm-i 
GDP-Fuc l'uHP)l-t'. 

7j vJV H'yMt.'j-t" 



One or more paths of participating in the product of nucleotidyl sugar can be changed by introducing 
into the cell containing the substrate for an attached en2yme the nucleic acid which carries out the code 
of the attached enzyme. The above-mentioned approach for obtaining a glucosyltransferase code nucleic 
acid is also applicable to obtaining the nucleic acid which carries out the code of the enzyme which 
participates in formation of nucleotidyl sugar. For example, a nucleic acid well-known as a probe for 
isolating the nucleic acid which can use a well-known nucleic acid (these some are indicated in this 
description) directly in the field concerned, or corresponds fi-om other target organisms can be used. 
Isolation of the polynucleotide which carries out the code of the nucleotidyl sugar synthetic enzyme may 
be carried out by this contractor with two or more well-known techniques. For example, the 
oligonucleotide probe which hybridizes the specific gene of a publication selectively in this description 
may be used in order to identify the gene of the request of DNA isolated fi-om another organism. In 
addition, the activity of such a hybridization technique for identifying a well-known homologous gene in 
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the field concerned is as being indicated above. 
[0079] 

(Playback of a UDP-Gal) 

A different-species galactosyltransferase gene is mentioned as the example of instantiation-of a 
recombination cell useful although the saccharide of a galactosyl-ized product is produced. However, 
generally galactosyltransferase uses activation nucleotidyl sugar UDP-Gal comparatively expensive as a 
galactose donor. In order to decrease the costs concerning this reaction, one or more genes which carry 
out the code of the enzyme which participates in the biosynthetic path led to UDP-Gal, or carries out the 
catalyst of the changeover of UDP-Gal to the molecule which is not nucleotidyl sugar to a cell can be 
introduced (or the level of that gene expression is raised). 
[0080] 

For example, glucokinase (EC2.7. 1.12) carries out the catalyst of the phosphorylation of a glucose, and 
forms Glc-6-P. The gene (for example, E.coli:GenBank AE000497 U00096, BlattnerScience(s)(1997) 
277:1453- 1474;Bacillus subtilis;GenBank Z99124, AL009126, Kunst-256 [ Nature / 390 and 249 ] 
(1997)) which carries out the code of the glucokinase is characterized, therefore may be easily obtained 
from many organisms by hybridization or magnification. Therefore, the recombination cell containing 
this gene and the enzyme of the consecutiveness in the above-mentioned path can form a GDP-glucose 
from an available glucose easily that it may be whether it may be produced with an organism, or added 
to a reaction mixture. 
[0081] 

The catalyst of the following process in the path led to UDP-Gal is carried out by the 
phosphoglucomutase (EC 5.4.2.2) which converts Glc-6-P into Glc-l-P. Furthermore, the gene which 
carries out the code of this gene is also characterized with the organism of the broad range. 
Agrobacterium tumefaciens:GenBank AF033856, Uttaro et al. [ for example, ] — Genel50:l 17-122 
(1994) [the correction exhibited in Gene (1995) 155:141-3 is indicated] ;Entamoeba 
histolytica:GeneBank Y14444, Ortner et al., Mol.Biochem.Parasitol.90,121-129 
(1997);Mesembryanthemum crystallinum:GenBank U84888;S.cerevisiae;GenBank X72016, U09499, 
X74823, Boles et al., Eur.J.Btochem.220:83-94 (1994), Fu et al., J.Bacteriol. 177(1 1), 3087-3094 (1995); 
Homo sapiens:GenBank M83088 (PGMl), Whitehouse et al., Proc.Nat'l Acad.Sci.U.S.A.89:41 1-415 
(1992), Xanthomonas compestris:GenBank M83231, Koeplin et al., J. Bacteriol. 174: 191-199 

(1992) ;Acetobacter xylinum:GenBank L24077, Brautaset et al.. Microbiology 140 (Pt5) 1 183-1 188 
(1994);Neisseria meningitidts:GenBank U02490, Zhou et al., J. Biol.Chem.269(15), 1 1 162-1 1 169 
(1994). 

[0082] 

UDP glucose pyrophosphorylase (EC 2.7.7.9) carries out the catalyst of the following process in this 
path, and converts Glc-l-P into UDP-Glc. The gene which carries out the code of the UDP-Glc 
pyrophosphorylase many organisms are indicated (E.coliiGenBank M98830, Weissbom et al. [ for 
example, ] -) J. Bacteriol. 176:261 1-26 18(1 994) ;Cricetulus griseus:GenBank AF004368, Flores-Diaz et 
al., J. Biol.Chem.272:23784-23791(1997);Acetobacter xylinum:GenBank M76548, Brede et al., J. 
Bacteriol. 173, 7042-7045 (1991) ;P seudomonas aeruinosa(galU):GenBank AJ010734, 
U03751;Streptococcus pneumoniae :GenBank AJ004869;Bacillus subtiHs:Genbank Z22516 and L12272; 
~ Soldo et al. and J.Gen.Microbiol.l39 (Ptl2) - 3 185-3195(1 993);Solanum tuberosum :GenBank 
U20345, L77092, L77094, L77095, L77096, L77098, U59182, Katsube et al., J. Biochem.l08:321-326 
(1990);Hordeum vulgare(barley):GenBank X91347;Shigella flexneri:GenBank L3281 1, Sandlin et al., 
Infect.Immun.63:229-237(1995); Homo sapiens: - GenBank U27460, Duggleby et al. - 
Eur.J.Biochem.235 (1-2), 173-179 (1996); cowrGenBank L14019, Konishi et al., J.Biolchem.l 14, 61-68 

(1993) . 
[0083] 

UDP-Glc4'-epimerase (UDP-Gal4' epimerase; EC5.1.3.2) carries out the catalyst of the changeover to 
UDP-Gla of UDP-Glc to the last. Streptococcus indicated by Poolman and others (J. Bacteriol 
172:4037-4047 (1990)) thermophilus A UDP galactose 4-epimerase gene is the specific example of a 
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useful gene in this invention. The UDP glucose 4-epimerase-code polynucleotide of other organisms 
may be used in this invention, as long as a polynucleotide is under control of the manifestation control 
array which functions by the host cell of E.coli or other requests. The kind of E.coli, Kpneumoniae, 
S.lividans, stewartii, Salmonella, and E.Streptococcus is mentioned to the instantiation-organism which 
has the gene which carries out the code of the UDP glucose 4-epimerase. Well-known a nucleotide 
sequence ~ UDP-Glu4*-epimerase ****** of some organism origins — to these Pasteurella haemolytica, 
GenBank U39043, Potter et al., Infect.Immun.64(3)855-860(1996);Yersinia enterocolitica, GenBank 
Z47767, X63827, Shumik et al., Mol.Microbiol.l 7:575-594(1 995);Cyamopsis tetragonoloba: GenBank 
AJ005082 ;P achysolen tennophilus: GenBank X68593, Skrzypek et aL, Gene 140(1)1 27- 129 
(1994);A20spirillum brasilense:GenBank Z25478, De Troch et aL, Gene 144 (1), 143-144 
(1994);Arabidopsis thaliana: GenBank Z54214, Dormann et al. - Arch.Biochem.Biophys.327:27-34 
(1996);Bacillus subtiUsiGenBank X99339, Schrogel et al. - FEMS Microbiol.Lett. 145:341-348 
(1996);Rhizobium meliloti: GenBank X58126, S81948, Buendia et aL, MoLBioL5:1519-1530 
(1991);Rhizobium leguminosarum:GenBank X96507;Erwinia amy lovora: GenBank X76172, Metzger et 
aL, J. BacterioL176:450-459(1994);S.cerevisiae:GenBank X81324 (cluster of epimerase and UDP 
glucose pyrophosphorylase), Schaaff-Gerstenschlager, Yeast 1 1:79-83(1 995);Neisseria 
meningitidis:GenBank U19895, L20495, Lee et al., Infect.Immun.63:2508-2515 (1995), Jennings et aL, 
and MoLMicrobtoL10;361-369(1993); and Pisum sativum:GenBank U31544 is mentioned. 
[0084] 

The gene which carries out the code of the enzyme which constitutes the path which often participates in 
compounding nucleotidyl sugar is found out by the single operon or the field of Chromosome DNA. For 
example, Xanthomonas The gene of the campestris phosphoglucomutase, phospho MANNO mutase 
(xanA), phosphomannose isomerase, and GDP maimose pyrophosphorylase (xanB) is found out by 
single continuation nucleic-acid fragmentation (Koeplin et aL, J.BacterioL174, 191-199 (1992)). 
Klebsiella pneumoniae galactokinase, galactose- 1-phosphateuridyltransferase, and UDP-galactose 4- 
epimerase are also found out in the single operon (Peng et al. (1992) J.Biochem. 1 12:604 -608). Many of 
other examples are indicated by the reference quoted in this description. 
[0085] 

The approach of the alternative which constitutes the cell which produces UDP-Gal is introducing into a 
cell the gene which carries out the code of the enzyme which participates in the UDP-Gal cycle shown 
in drawLog 4 . Starting this path from UDP-Gal pyrophosphorylase (galactose- 1- 
phosphateuridyltransf erase), this enzyme converts Gal-l-P into UDP-Gal. The gene which carries out 
the code of the UDP-Gal pyrophosphorylase It has characterized about some organisms. To these For 
example, Rattus norvegicus: GenBank L05541, Heidenreich et aL, DNA AF005933 (galactokinase 
(galK) ~) Seg.3:31 1-3 18(1 993);Lactobacillus caseiiGenBank The cluster of UDP galactose 4-epimerase 
(galE) and galactose- l-phosphateuridyltransferase (galT), Bettenbrock et aL, 

AppLEnviron.MicrobioL64:2013-2019(1998);E.coli:GenBank X06226 (and a galactose- 1 -P uridine 
transferase pair is carried out UDP galactose 4-epimerase — ) galE and galT, Lemaire et aL, Nucleic 
Acids Res. 14:7705-771 l(1986);B.subtiUs;GenBank Z99123 AL009126;Neisseria 
gonorrhoeae:GenBank Z50023, Ullrich et aL, and J.BacterioL177:6902-6909(1995);Haemophilus 
X65934 (galactose- l-phosphateuridyltransferase — ) influenzae:GenBank Galactokinase, a mutarotase, 
and the cluster of galactose repressor, Maskell et al., Mol.MicrobioL6:305 1-3063 (1992), GenBank 
M12348 and M12999, Tajima et al., Yeastl:67-77(1985);S.cerevisiae:GenBank X81324, Schaaff- 
Gerstenschlager et aL, Yeastl 1 :79-83(1995):Mus musculus: GenBank U41282; Homo sapiens: - 
GenBank M96264, M18731, Leslie et al. - Genomics 14:474-480 (1992), Reichardt et al., 
MoLBiol.Med.5: 107-1 22(1 988);Streptomyces lividans:M 18953 (a galactose 1-phosphate uridine 
transferase -) UDP-galactose 4-epimerase and galactokinase, Adams et aL, and J.BacterioL 170:203-212 
(1988) are mentioned. 
[0086] 

UDP-GlcNAc4' epimerase (UDP-GalNAc4'-epimerase) (EC5.1.3.7) (this carries out the catalyst of the 
changeover to UDP-GalNAc of UDP-GlcNAc and the reverse reaction) is suitable for an activity in the 
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recombination cell of this invention again. Some loci which carry out the code of this enzyme are 

described above. Also refer to U.S. Pat No. 5,516,665. 

[0087] 

(Playback of b GDP-flicose) 

Another example of the recombination cell offered by this invention is used in order to produce the 
saccharide which is a fucosyl-ized product. The donor nucleotidyl sugar about fucosyltransferase is 
GDP-fucose, and this is comparatively expensive although produced. In some operation gestalten of this 
invention, the costs for obtaining GDP-fucose decrease by introducing into a recombination cell one or 
more exogenous genes which carry out the code of the enzyme which carries out the catalyst of the 
GDP-fucose cycle. 
[0088] 

In order to decrease the costs which produce a fiicosyl-ized oligosaccharide, this invention offers the cell 
which may convert comparatively cheap GDP mannose into GDP-fiicose. These cells are GDP mannose 
dehydratase, the GDP-4-keto-6-deoxy-D-mannose 3, 5-epimerase, or GDP-4. - It has at least one 
exogenous gene which carries out the code of the keto-6-deoxy-L-glucose 4-reductase. The cell which 
has each of such enzyme activity may convert GDP mannose into GDP-fucose. By installation to this 
cell of fucosyltransferase, the cell which can fiicosyl-ize an oligosaccharide acceptor as donor activation 
sugar not using GDP-fucose but using GDP mannose is obtained. 
[0089] 

The nucleotide sequence of the E.coli gene cluster which carries out the code of the GDP-fucose 
synthetic enzyme is indicated by the StevensonJ(1996).Bacteriol.l78:4885-4893;GenBank registration 
number U38473. It is reported that this gene cluster contains the open reading frame to GDP mannose 
dehydratase (nucleotide 8633- 9754; Stenvenson et al., the above). It is recently discovered that the open 
reading frame to which this gene carries out the code of the enzyme which has both 3, 5 epimerization, 
and 4-reductase activity again is included (refer to the PCT patent application number USs 99/00893 
(opened to the public as WO 99/36555 on July 22, 1999)), therefore it may convert the product of a 
GDP mannose dehydratase (GDP-4-keto-6-deoxymannose) reaction into GDP-fucose. This ORF (named 
YEF B) is found out among nucleotides 9757 and 10722. YEF It was not well-known whether before 
this discovery of carrying out the code of the enzyme with which B has the activity of two ones of 
numbers, 1 or two enzymes were needed for changeover to the GDP-fucose of GDP-4-keto-6- 
deoxy mannose. The nucleotide sequence of the gene which carries out the code of the Homo sapiens Fx 
enzyme is found out by the GenBank registration U58766. 
[0090] 

A recombination cell may contain the gene which carries out the code of the pyrophosphorylase 
. (EC2. 7.7.22) which converts Man-l-P into GDP-Man again. When it exists with an enzyme like the 
above-mentioned thing which carries out the catalyst of the changeover of GDP-Fuc of GDP-Man, such 
****** leaves comparatively cheap Man-l-P, and can compound GDP-Fuc. A suitable gene is well- 
known from many organisms. To these E. coli:GenBank U 13629, ABO 10294, D43637, D 13231, 
Bastinra, Gene 164:17-23 (1995), Sugiyama et al., J. Bacteriol. 180:2775-2778 (1998), Sugiyama et al.. 
Microbiology 140 (Ptl):59-71 (1994), Kido et al., J.Bacteriol.l77:2178-2187(1995);Klebsiella 
pneumoniae:GenBank ABO 10296, ABO 10295, Sugiyama et al., J. Bacteriol. 180:2775-2778 
(1998);Salmonellaenterica:GenBank X56793, M29713, Stevenson et al., J. Bacteriol. 178:4885-4893 
(1996) is mentioned. 
[0091] 

The cell of this invention for fucosyl-izing a saccharide acceptor can use the enzyme which offers the 
minor path for formation of GDP-fiicose, or "prehension" path again (shown in reference). In this path, 
phosphorylation is carried out by FUKOKINAZE and isolation fucose forms fucose 1 -phosphate by it. 
This fucose 1 -phosphate is used in GDP-fucose pyrophosphorylase with guanosine 5'-3 phosphoric acid 
(GTP), and forms GDP-fucose (Ginsburg et al., J.Biol,Chem.236:2389-2393 (1961) and Reitman, 
J.Biol.Chem.255;9900-9906 (1980)). A GDP-fucose pyrophosphorylase code nucleic acid is indicated 
by the United States patent application 08th transferred to the same people under simultaneous 
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connection / No. 826,964 (it applies on April 9, 1997). A FUKOKINAZE code nucleic acid is 
Haemophilus. It is indicated by influenzae (Fleischemann(s) (1995) Science 269:496-512) and E.coli 
(Lu and Lin(1989) Nucleic Acids Res. 17-4883-4884). 

[0092] 

(Playback of a c CMP-sialic acid) 

In order to obtain the recombination cell of useful this invention at a sialyl-ized reaction, the gene which 
carries out the code of the enzyme which carries out the code of the CMP-sialic-acid synthetase 
(EC2.7.7.43, CMP-N-acetylneuraminic acid synthetase) can be introduced. Such a gene is available 
from the following. 
[0093] 
[Equation 1] 

Mas musculus (GenBank AJ006215, Munster $ , Proc. Natl 
AcadSci 95: 9140-9145 (1998)),7.^(Rodrfgue2.Aparicio S (1992) J. Biol. 

Chem. 267: 9257^63), Haemophilus ducreyi (Tullius S (1996) J. BioL Chem. 271 : 15373- 
80), Neisseria meningitidis (Ganguli S (1 994) X Bacteriol 176: 4583-9), 6 
A^. l| S (Haft i) (1994) J. Bacterial 176: 7372-4),mV£ coli (GenBank J05023. 
Zapata 5 (1989) J. Biol Chem. 264: 1476944774). 

(Enzyme besides d ) 

Other pyrophosphorylases which convert sugar phosphate into nucleotidyl sugar are well-known. For 
example, UDP-GalNAc pyrophosphorylase carries out the catalyst of the changeover to UDP-GalNAc 
of GalNac. UDP-GlcNAc pyrophosphorylase (EC2.7.7.23) converts GlcNAc-l-P into UDP-GlcNAc. 
[0094] 
[Equation 2] 

(A suhtilis: GenBank 2991 04 AL009126, Kunst 6 , supra.\ 
Candida albicans: GenBank AB011003, Mio t; ^ Biol Chem, 273 (23), 14392-14397 
(1 998); Saccharomyces cerevisiae: GenBank ABOl 1272, Mio 6 , f ii : 
GenBank ABOl 1004, Mio S fjiii ). 

(Destruction of the alternate route for consumption of e nucleotidyl sugar) 

In the further operation gestalt, the recombination cell of this invention produces nucleotidyl sugar with 
a high level as compared with a wild type cell, and the nucleotidyl sugar produced by /or this cell diverts 
production of a polysaccharide to production of the saccharide which is a desired product. For example, 
Azobacter vinelandii and Pseudomonas aeruginosa produces GDP-Man of a large quantity 
comparatively. These most are used for composition of polysaccharide alginate. By destroying the 
capacity for a cell to produce alginate, the cell which produces GDP-Man of the level which increased 
can be gained. As for this dehydrogenase, composition of the alginate in Pseudomonas and Azobacter 
converts GDP-Man into the GDP-mannuronic acid which is the direct precursor of alginate including a 
GDP mannose dehydrogenase (Lloret et al. [ TatnellMicrobiol(s)(1994).140:1745- 1754; TatnellJ 
(1993).Gen.Microbiol.l39(Pt.l):l 19- 127; ] (1996) Mol.Microbiol. 21 :449 -457). For example, the cell 
which produces GDP-Man of a high level can be gained from a wild type cell by introducing the 
variation which destroys the activity of a GDP-Man dehydrogenase. When the gene which carries out 
the code of the glucosyltransferase which uses GDP-Man as a substrate is introduced into a cell, GDP- 
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Man which is not used for composition of alginate any longer is diverted to composition of a desired 
MANNOSHIRU-ized oligosaccharide. Or the gene which carries out the code of the one or more above 
enzymes which convert GDP-Man into different activation sugar (for example, GDP-Fuc) can be 
introduced. Subsequently, it rearranges, and since [ which produces the target fucosyl-ized 
oligosaccharide ] it was obtained, a cell may be used. 
[0095] 

Similarly, utilization of UDP-GlcNAc can constitute the recombination cell which diverts composition 
of peptidoglycan to a desired GluNAc-content oligosaccharide. For example, in E.coli, six sorts of a 
series of enzymes which carry out a sequential operation participate in changeover to the precursor of 
the peptidoglycan of UDP-GluNAc (Mengin-Leereulx et al. (1983) J.Bact. 154:1284 -1290). UDP- 
GIcNAc of the large quantity produced by the cell can be diverted to the product of a desired GluNAc 
content oligosaccharide destroying one of the enzymes of these (preferably the 1st operation enzyme), 
and by introducing a GluNAc transferase into a cell. Or UDP-GlcNAc may be converted into UDP- 
GalNAc by installation of the gene which carries out the code of the UDP-GlcNAc4'-epimerase, and, 
subsequently to a cell, this UDP-GalNAc can be helpful as a sugar donor for the UDP-GalNAc 
transferase in which a code is carried out by the exogenous gene introduced again. 
[0096] 

Escherichia which contains E.coli as another example sp. can produce a film joint Pori sialic acid. The 
variant by which composition of the Pori sialic acid is destroyed accumulates a CMP-sialic acid 
(Gonzalez-Clemente et al. [ Vimr and Troy(1985) J.Bact. 164;854- 860; ] (1990) Biol.Chem. 371:1 101 - 
1 106;ChoProc(s)(1994).Nat'LAcad.Sci.USA 91 :1 1427-1 1431). The recombination cell which can 
produce the saccharide which is the sialyl-ized product of a large quantity by introducing a 
sialyltransferase gene into these variants is obtained. This exogenous polysaccharide cholanoic acid 
(colanic acid) uses GDP-flicose as a precursor, and is produced by E.coli again. Therefore, the activity 
of the enzyme which participates in changeover to the cholanoic acid of GDP-fucose can be destroyed 
(GDP-Man4, 6-dehydratase;Stevenson et al. [ for example, ] (1996) J.Bacteriol. 178:4885 -4893). 
[0097] 

Azorhizobium, Bradyrhizobium, Rhizobium, and the bacteria belonging to a Sinorhizobium group can 
produce a RIPOKITO oligosaccharide (LCO). The code of the fucosyltransferase which uses GDP- 
fucose as a donor for converting [ in / at least / some ] fiicose into a LCO precursor of these groups is 
carried out (Mergaert et al. (1997) FEES Lett. 409:312 -316). Therefore, the GDP-fucose produced by 
this cell can be diverted to other applications by destroying the activity of this fucosyltransferase. For 
example, the recombination cell which a different fucosyltransferase gene may be introduced into this 
cell, thus produces a desired fucosyl-ized saccharide is obtained. 
[0098] 

The following is mentioned as other examples of the organism which can be diverted to production of 
the saccharide of the request by destruction of polymer composition, and related nucleotidyl sugar. : 

[0099] 
[Equation 3] 



http ://www4 .ipdl .ncipi . go .j p/cgi-bin/tran_web_cgi_ejj e 1 /26/2006 



JP,2002-530087,A [DETAILED DESCRIPTION] 



Page 23 of 47 



Azotobacter vinelandii/GDP^Man; Pseudomonas 5/7,/UDP.Glc and GDP-Man; Rhizobium 
5p./UDP.Glc, UDP-Gal, GDP-Man; Erwinia spAJDP^G^l, UDP-Glc; Escherichia sp./UD?^ 
GlcNAc, UDP-Gal, CMP-NeuAc. GDP-Fuc; laebsiella ^pTUDP-Gal, UDP-GlcNAc, UDP. 
Glc, UDP.GlcNAc ( ttz Hamadch B (1996) Infect. Immtm. 64: 528-534); Hansenula 
jadinW GDP-Man, GDP-Fuc; Candida famQ(a/UT^V-G\c, UDP-Gal, UDP-GlcNAc (Ko S 
i\996)Appl Biochem. Biotechnol 60: 41-48); ^ce/o&flc/er;cK/i/2i/iM/GDP-Man(Petroni S 
(1996) J. Bacterial. 17&: 4il4-4l21)UO'Saccharomycescerevisiae/U^ 
GDP-Man. GDP-GIcNAc. 

The approach of introducing a variant into a target gene is common knowledge, and is indicated by this 

contractor at Ausubel, Sambrook, and Berger (it appears above altogether). 

[0100] 

In some operation gestalten, the recombination cell of this invention can produce two or more 
nucleotidyl sugar or nucleotides, and thereby, in order to produce a targets sugar, it enables installation 
of two or more glucosyltransferases with two or more glycosyltransferases or cycle enzymes to support, 
respectively. This enables production of two or more glycoside linkages in the product which uses a 
single organism. For example, when an organism produces both UDP-Gal and UDP-GlcNAc, two new 
glycosidic linkage production is enabled from the same organism by addition of a Gal transferase and a 
GlcNAc transferase ( drawin g 2 ). When an organism produces UTP of high level as another example, 
two new glycoside linkages may be formed from a single organism by adding the gene which carries out 
the code of the gene which carries out the code of the enzyme for production of UDP-Gal and UDP- 
GlcNAc, a Gal-transferase, and the GlcNAc transferase. In these examples, when this transferase makes 
the polymerization of glycoside possible, a long-chain oligosaccharide and a long-chain polysaccharide 
may be formed. 
[0101] 

(3. Fusion protein) 

In some operation gestalten, the recombination cell of this invention discovers the fusion protein which 
has the enzyme activity exceeding 1 which participates in composition of a desired oligosaccharide. This 
fusion polypeptide may consist of catalyst domains of the glucosyltransferase combined with the 
catalyst domain of for example, an attached enzyme. The catalyst domain of an attached enzyme can 
carry out the catalyst of the reaction which carries out the catalyst of the process in formation of the 
nucleotidyl sugar which is a donor for glucosyltransferase, or participates in glucosyltransferase. For 
example, the polynucleotide which carries out the code of the glucosyltransferase may be combined with 
an in frame in the polynucleotide which carries out the code of the enzyme which participates in 
nucleotidyl sugar composition. Subsequently, the fusion protein obtained can carry out the catalyst not 
only of composition of nucleotidyl sugar but the transition to the acceptor molecule like a sugar part. 
This fusion protein may be two or more cycle enzymes connected witfi the nucleotide sequence in which 
one manifestation is possible. The polypeptide of this invention uses well-known various recombinant 
DNA technology for this contractor, and may be designed and manufactured easily. Suitable fusion 
protein is indicated by PCT patent application PCT/CA 98/01 180 published as WO 99/31224 on June 
24, 1999. 
[0102] 

(4. Construction of a recombination cell) 

The recombination cell of this invention contains the enzyme system for producing the nucleotidyl sugar 
which is a donor substrate for the exogenous gene which carries out the code of the glucosyltreinsferase 
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which carries out the catalyst of the desired glycosylation reaction, and glucosyUransferase, and an 
exogenous saccharide acceptor part. Glucosyltransferase carries out the catalyst of the transition of sugar 
from nucleotidyl sugar to an acceptor part, and produces a desired oligosaccharide. 
[0103] 

In some operation gestalten, the enzyme system for production of nucleotidyl sugar is changed by the 
approach of rearranging again. For example, this enzyme system may contain one or more enzymes 
changed since a code is carried out to a cell by the gene which is exogenism or production of nucleotidyl 
sugar is increased as mentioned above. 
[0104] 

The enzyme which participates in composition of the polynucleotide or nucleotidyl sugar which carries 
out the code of the exogenous glycosyltransferase typically is put under control of the promotor who is 
functionality in a desired host cell. Very broad various promotors are common knowledge, and it may be 
used for the vector of this invention depending on specific application. Usually, the promotor chosen is 
dependent on the cell by which this promotor should be activated, about other manifestation control 
arrays like [ like a ribosome bond part ], and the termination section of an imprint ~ etc. ~ it is 
contained if needed. The suitable manifestation control array for the activity of a specific host cell is 
acquired by often carrying out cloning of the gene discovered in a cell. The recombination cell of this 
invention may be a microorganism like for example, a plant cell or a yeast cell, a bacterial cell, or a 
fungus cell. It is in many of other cells, for example, is Azotobacter in the example of a suitable cell. sp. 
(for example, A.vinelandii), Pseudomonas sp., Rhizobium sp., Erwinia sp., Escherichia sp. (for example, 
E.coli) and Klebsiella sp. is mentioned. This cell may be some groups of arbitration. To these A 
Saccharomyces (for example, S.cerevisiae), Candida It krusei(s). for example, C.utilis, C.parapsilosis, 
and C. — C. versatilis, C.lipolytica, C.zeylanoides, C. guilliermondii, C.albicans, and C.humicola, The 
Pichia (Pichia) group (for example, P.farinosa and P.ohmeri), the Torulopsis (it sphaerica(s) for 
example, T.candida and T. ~) T. xylinus, T.famata, and T.cersatilis, the Debaryomyces (Debaryomyxes) 
group (it subglobosus(es) for example, D. — ) D. cantarellii, D.globosus, D.hansenii, And D.japonicus, a 
JIGOSAKKAROMISESU (Zygosaccharomyses) group For example, (Z.rouxii and Z.bailii), the 
Kluyveromyces (Kluyveromyces) group (For example, Kmarxianus), the Hansenula (Hansenula) group 
For example, (H.anomala and H.jadinii), a BURETANO married- woman (Brettanomyces) group (for 
example, B.lambicus and B.anomalus), and tobacco are mentioned. 
[0105] 

A promotor and other control signals may be the different-species promotor or other signals which are 
obtained from a gene which may be the gene origin which is under examination, or is different, or a 
different kind. When asking for the continuation manifestation of a gene, generally the "configuration 
target" promotor who is activity can be used under almost all environmental conditions and an 
occurrence, or the condition of differentiation of a cell. In the suitable configuration-promotor for an 
activity with vegetation, they are for example, a cauliflower mosaic virus (CaMV) 35S imprint initiation 
field and VI promoterregion, and Agrobacterium. Other promotors who are activity are mentioned in a 
plant cell well-known to the 1 or 2'-promotor and this contractor of the T-DNA origin of tumefaciens. 
A Figwort mosaic virus, an actin promotor, a histone promotor, a tubulin promotor, or the transcriptional 
promoter of the perfect length of the MANNOPIN (mannnopine) synthase promotor (MAS) origin is 
mentioned to other suitable promotors. Other imprint initiation fields of the various vegetable gene 
origins well-known to the promotor (indicated by U.S. Pat. No. 5,106,739 and Comai et al., and Plant 
Mol.Biol. 15:373-381 (1990)) and this contractor of the promotor of the various ubiquitins of the 
Arabidopsis (Sun and Callis, Plant J., 1 1(5):1017-1027 (1997)) origin or the poly ubiquitin, mas and 
Mac, or DoubleMac are especially mentioned to other configuration-vegetable promotors. such a gene — 
ACTl 1 [ for example, ] (Huang et al. -) of the Arabidopsis origin Plant Mol.Biol.33:125-139 (1996), 
Cat3 (the [ GenBank ] - U43147, Zhong et al. -) of the Arabidopsis origin Mol.Gen.Genet.25 1:196-203 
(1996), the genetic-code stearoyl-acyl carrier protein desaturase (the [ Genbank ] — X74782, Solocombe 
et al. -) of the Brassica napus origin Plant Physiol. 104:1 167-1 176 (1994), GPcl (the [ GenBank ] ~ 
X15596, Martinez et al. -) of the com origin J. Mol.Biol 208:551-565 (1989) and GPc2 (the 
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[ GenBank ] U45855, Manjunath et al., Plant Mol.Biol. 33:97 -1 12 (1997)) of the com origin are 
mentioned. A useful promotor is obtained from the Ti plasmid or Ri plasmid of the plant cell and plant 
virus by which it is found out that a promotor is functional in vegetation, or other host origins to 
vegetation. In vegetation, as for the promotor of the suitable bacteria for an activity by the approach of 
this invention, an octopine synthetase promotor, a nopaline synthetase promotor, and a MANOPIN 
synthetase promotor are mentioned functionally therefore. Ribulose-1, 6-BIHOSUFETO (RUBP) 
carboxylase small subunit (ssu) promotor, alpha-conglutinin promotor, a phaseolin promotor, an ADH 
promotor, and a heat shock promotor are mentioned to the promotor of suitable endogenous vegetation. 
[0106] 

E. The promotor of T7, trp, or lambda is mentioned to the promotor for the activity by coli. An imprint 
end signal is also offered as preferably as a ribosome bond part. About an eukaryotic cell, a control array 
may also include the donor array and acceptor array of splicing, including typically the promotor who 
includes the enhancer and polyadenylation array of the origins, such as an immunoglobulin gene, SV40, 
and a cytomegalovirus, if needed. 
[0107] 

In yeast for a convenient promotor GAL 1-10( Johnson and Davies(1984) Mol.Cell.Biol.4:1440-1448) 
ADH2(Russell et al. (1983) J.Biol.Chem. 258:2674 -2682) PH05 () [ EMBO ] J.(1982) 6:675-680 and 
MF alpha (Herskowitz and Oshima(1982) The Molecular Biology of the Yeast Saccharomyces (it 
Strathem(s))) Jones and ColdSpring edited by Broach Harbor Lab., Cold Spring Harbor, N.Y., and 181 - . 
209 pages are mentioned. Another suitable promotor for an activity with yeast is an ADH2/GAPDH 
hybrid promoter which is indicated by Cousens et al. and Gene 61:265-275 (1987). For example, 
Aspergillus like [ a useful promotor's example ] ADH3 promotor (McKinght et al., EMBO J.4:2093 
2099 (1985)) and a tpiA promotor to a yam-like fungus (McKinght et al., U.S. Pat. No. 4,935,349) Hke 
the stock of a fungus Aspergillus The promotor of the nidulans glycolysis gene origin is mentioned. The 
example of a suitable terminator is ADH3 terminator (McKinght et al.). 
[0108] 

In some operation gestalten, a polynucleotide is put under an inductive promotor's control and this 
promotor is a promotor by whom manifestation level is changed by the environmental factor or 
generating factor of temperature, pH, an anaerobic condition or an aerobic condition, light, a 
transcription factor, a chemical, etc. and vsdth whom gene expression is oriented. Such a promotor calls it 
an "inductive" promotor in this description, and can control the timing of the manifestation of an 
enzyme which participates in composition of glucosyltransferase or nucleotidyl sugar by this promotor. 
E. The inductive promotor to coli and other bacteria host cells is well-known to this contractor. For 
example, a lac promotor is mentioned to these. Especially the desirable inductive promotor for the 
manifestation of a procaryote is a duplex promotor containing the tac promotor component which 
combines the enzyme which participates in galactose metabolite with the promotor component obtained 
from the gene which carries out a code (for example, promotor of the UDP galactose 4-epimerase gene 
(galE) origin). This duplex tac-gal promotor indicated by the United States patent application 08th for 
which it applied on November 7, 1997 / No. 965,850 offers the manifestation of level higher than the 
promotor offered by only one of promotors. 
[0109] 

the valence promotor for an activity with vegetation — this contractor — well-known (Kuhlemeier et al. 
[ for example, ] (1987) — refer to the reference quoted by Ann.Rev.Plant Physiol.3 8:221) — and 
Arabidopsis 1 of thaliana and the promotor ("ssu" promotor) of a 5-ribulose bis-phosphate carboxylase 
small subunit gene are included. This promotor is a photosynthesis organization, an anther specific 
promotor (EP344029), and Arabidopsis. It is photoconductive *♦** only in the seed singularity 
promotor of thaliana (Krebbers et al. (1988) Plant Phystol. 87:859), and is activity. 
[0110] 

The valence promotor to other organisms is also common knowledge at this contractor. For example, an 
arabinose promotor, a lacZ promotor, a metallothionein promotor, a heat shock promotor, and the 
promotor of other many are mentioned to these. 
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[0111] 

When put on a suitable host cell, the structure containing a polynucleotide to connect with the genetic 
regulation signal which drives the manifestation of a polynucleotide possible [ actuation ] is called a 
"manifestation cassette." The manifestation cassette which carries out the code of the enzyme which 
participates in composition of glucosyltransferase £ind/or nucleotidyl sugar is often put on the expression 
vector for the installation to a host cell. In addition to an expression vector, this vector includes the 
nucleic-acid array which enables this vector typically to reproduce independently in one or more 
selected host cells. Generally, this array is an array which enables this vector to reproduce independently 
from DNA of a host's chromosome, and includes a replication origin or an autonomous duplicate array. 
Such an array is common knowledge about various bacteria. For example, the replication origin of a 
plasmid pBR322 is suitable to almost all Gram(s)-negative bacteria. Or this vector is included in the 
genome phase complement of a host cell, and may be reproduced by being reproduced when a cell 
receives replication of DNA. To the manifestation of the en2yme which exists in a bacterial cell, a 
desirable expression vector is pTGK and this pTGK is indicated by the United States patent application 
08th for which it applied on November 7, 1997 / No. 965,850 including a duplex tac-gal promoter. 
[0112] 

Generally the configuration of a polynucleotide structure needs the activity of the vector which can be 
reproduced in bacteria. Many kits are marketed for purification of a bacterial plasmid. Directions of a 
manufacturer are followed for that suitable activity (for example, StrataCleanJ; of EasyPrepJ and 
FlexiPrepJ(these both are based on Pharmacia Biotech) ;Stratagene and QIAexpress Expression System, 
Qiagen). Subsequently, it is isolated, and in order that this refined plasmid may produce the plasmid of 
further others, it is manufactured, and since a cell is transfected, it is used. Cloning of Streptomyces or 
Bacillus is possible again. 
[0113] 

A selectable marker is incorporated by the expression vector often used since the cell of this invention is 
constituted. These genes can carry out the code of a gene product like the protein needed for survival of 
the transfected host cell which is increased in an alternative culture culture medium, or growth. The host 
cell which is not transfected by the vector containing selector genes does not survive by this culture 
culture medium. Typical selector genes carry out the code of ampicillin, a neomycin, a kanamycin, a 
chloramphenicol, an antibiotic like a tetracycline, or the protein that gives resistance to other toxins. Or 
a selective marker can carry out the code of the protein which supplies the important nutrient which 
complements auxotroph lack or cannot be used from a complex medium (for example, gene which 
carries out the code of the D-alanine racemase about Bacilli). This vector is reproduced before a vector 
is introduced into a target cell, for example, it often has one selective marker which functions in E.coli 
or other cells. Many selective markers are indicated by above Sambrook and others well-known to this 
contractor. The desirable selective marker for the activity by the bacterial cell is a kanamycin resistant 
marker (Vieira and Messing, Genel9:259 (1982)). For example, it is more advantageous than ampicillin 
selection to use kanamycin selection (if it is why, since ampicillin will be promptly decomposed by the 
beta lactamase in a culture medium), and it makes it possible to proliferate this culture superfluously by 
this using the cell which cancels a selection pressure and does not contain a vector, 
[0114] 

In the suitable selective marker for an activity in the cell of manunalian For example, a dyhydrofolic- 
acid reductase gene (DHFR), a thymidine kinase gene (TK), Or gpt(xanthin- 

phosphoribosyltransferase);G418, hygromycin which may be chosen using the gene of the procaryote 
which gives drug tolerance, and a mycophenolic acid. Or puromycin neo which uses and may be 
chosen ; (Neomycin phosphotransferase) Methotrexate DHFR (dyhydrofolic-acid reductase) which uses 
and may be chosen is mentioned (). [ Mulligan & Berg(1981) 

Proc.Nat'l.Acad.Sci.USA78:2072;Southem & ] Berg(1982) J.Mol.Appl.Genet. 1:327. 
[0115] 

The selective marker for vegetation and/or other eukaryote cells often gives the resistance over the 
destruction-of-life agent or antibiotic like a kanamycin, G418, bleomycin, hygromycin, or a 
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chloramphenicol, clo RUSURU chlorofluocarbon (chlorsulfuron), or herbicide resistance like Basta. The 
example of the suitable coding sequence over a selective marker The neo gene which carries out the 
code of the enzyme neomycin phosphotransferase which gives resistance to an antibiotic kanamycin 
(Beck(s) (1982) Genel9:327); The code of the enzyme hygromycin phosphotransferase is carried out. 
and To antibiotic hygromycin, resistance The HOFUFINOSURJSHIN acetyltransferase which gives 
resistance to phosphino SURISHIN and beer RAFOSU which are hyg gene (Gritz and Davies(1983) 
Gene25: 179); and the herbicide compound to give The bar gene which carries out a code (EP242236). 
[0116] 

The configuration of the suitable vector containing the component enumerated on one or more uses a 
standard connection technique which is indicated by the reference quoted upwards. It is the gestalt for 
which it asks in order to produce the plasmid needed, and the isolated plasmid or DNA fragment is cut 
and changed, it reaches and is re-connected. The plasmid may be analyzed by the standard technique so 
that according to sequencing according to digestion of restriction endonuclease, and/or a well-known 
approach in order to check a right array in the plasmid constituted. The molecular-cloning technique for 
attaining these objects is well-known in the field concerned. The suitable extensive various cloning 
approaches and the suitable in vitro magnification approach for the configuration of a recombination 
nucleic acid are common knowledge at this contractor. Operation of cloning of these techniques and 
many is minded. The example of the significant explanation for this contractor Berger and Kimmel, 
Guide to Molecular Cloning Techniques, Methods in Enzymology, 152 volumes. Academic Press, 
Inc. San Diego, calcium(Berger);, and Current Protocols in Molecular The volumes Biology and on 
F.M.Ausubel, Current Protocols, Geene Publishing Associates, Inc. and John Wiley & It is found out by 
the joint venture (Ausubel) with Sons and Inc. (1998 Supplement). 
[0117] 

Various common vectors suitable since the recombination cell of this invention is constituted are 
common knowledge in the field concemed. A pBR322 induction vector like pBLUESCRIPTTM and a 
lambda phage induction vector are mentioned to the common vector for carrying out cloning in bacteria. 
In the vector in yeast, it is Yeast. An Integrating plasmid (for example, YIp5) and Yeast A Replicating 
plasmid (YRp system plasmid) and pGPD-2 are mentioned. Generally [ versatility ] a manifestation in 
the cell of mammalian may be attained using an available plasmid, and pSV2, pBC12BI, p91023 and a 
soluble virus vector (for example, a vaccinia virus, adenovirus, and a baculovirus), an episome virus 
vector (for example, papilloma virus of a cow), and a retrovirus vector (for example, retrovirus of a 
mouse) are mentioned to these plasmids. 
[0118] 

Especially the approach for introducing into the host cell which has an expression vector chosen is not 
important, and such an approach is well-known to this contractor. For example, an expression vector 
may be introduced into the cell (E. coli is included) of a procaryote by the transformation by the calcium 
chloride, and may be introduced into an eukaryotic cell by the processing or electroporation by calcium 
phosphate. 
[0119] 

(B. Approach for compounding the saccharide which are a reaction mixture and a product) 
This invention offers the approach for preparing the saccharide (this product consisting of two or more 
saccharide residue) which is a product again using a reaction mixture and the recombination cell of this 
invention. The recombination cell used in a reaction mixture discovers the nucleotidyl sugar which 
functions as a sugar donor to at least one glycosyltransferase and a glycosyltransferase. By 
glucosyltransferase, these reaction mixtures contain the acceptor saccharide from which sugar may be 
moved again, in order to form a desired oligosaccharide. 
[0120] 

It increases in a culture and the recombination cell of this invention obtains the cell of large number 
sufficient for the activity in the reaction of a desired scale. The approach and culture culture medium for 
growth of each host cell are common knowledge at this contractor. In a culture, for example, an aeration 
spinner, or shaking culture, it may carry out in a fermenter still more preferably. In some operation 
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gestalten, the gene of this glucosyhransferase is under an inductive promotor's control. Subsequently, 
generally the manifestation of glucosyltr2insferase is further induced before processing of a cell during a 
cell proliferation term and before collection of a cell. 
[0121] 

When rearranging to desired cell density and proliferating a cell, this cell is typically processed using the 
reaction mixture and approach of this invention. For example, this cell is destroyed so that introfaction 
processing may be carried out or trespass of the saccharide acceptor to this cell may generally be 
enabled. The nucleotidyl sugar produced by this glucosyltransferase and this cell is diffused in 
extracellular fluid from this cell in some situations. The approach of carrying out introfaction processing 
of the cell so that enzyme activity and the stability of nucleotidyl sugar may not be reduced intentionally 
is well-known to this contractor. Concentration, desiccation, freeze-drying, processing-with surfactant, 
sonication, mechanical destruction, and enzyme processing etc. may be presented with a cell. 
[0122] 

Subsequently, the need or this contractor for whom it asks uses the processed cell for the enzyme 
activity of a glycosyltransferase in the reaction mixture containing the further well-known reactant. The 
concentration of the processed cell which is used in a reaction mixture It is typically for about 0.1% 
(humid weight / volume) and 50% (humid weight / volume). More preferably It is for about 1% (humid 
weight / volume) and about 20% (humid weight / volume), and is the desiccation cell of an gimount 
which is most preferably for about 2% (humid weight / volume) and about 10% (humid weight / 
volume), or corresponds. 
[0123] 

This reaction mixture contains a saccharide acceptor again. As opposed to a sialyltransferase a suitable 
acceptor Generally Gal residue is included. For example, Galbetal ->3GalNAc, RAKUTO-N-tetra- 
OSU, Galbetal ->3GlcNAc, Galbetal ->3Ara, Galbetal ->6GlcNAc, Galbetal ->4Glc (lactose), 
Galbetal ->4Glcbetal-OCH2CH3, Galbetal ->4Glcbetal-OCH2CH2CH3, Galbetal ->4Galbetal- 
OCH2C6H5, Galbetal ->4GlcNAc, Galbetal -OCH3, a melibiose, a raffinose, a stachyose, and 
RAKUTO-N-neo tetrapod OSU (LNnT) are mentioned. In some operation gestalten, the 
sialyltransferase used with the recombination cell and reaction mixture of this invention moves a sialic 
acid from the most common last that is inherent in the end sialic acid of perfect sialyl-ized carboxylate 
structure to Galbetal and 4GlcNAc array at the 2nd array. Uniquely, the sialyltransferase of three 
mammalians by which cloning was carried out fills the demand of this acceptor, eind it is proved that 
these each moves a sialic acid to N joint mold carboxylate radical of a glycoprotein. The example of the 
sialyltransferase which uses Galbetal and 4GlcNAc as an acceptor is shown in a table 1 . 
[0124] 

(Table 1: Sialyltransferase which uses Galbetal and 4GlcNAc saccharide as an acceptor substrate) 

[0125] 

[A table 1] 
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1) Goochee b . (1991) ^/o/TecWogy 9: 1347^1355 

2) Yamamoto S (1996)7. Biochem. 120: 104-110 

3) Gilbert^ (1996) J, C/ie/w. 271: 28271^28276 

the nomenclatxire of a sialyltransferase — Tsuji et al. (1996) — refer to Glycobiology6:v-xiv. 

[0126] 

Other components may contain the cation (for example, Mg+2 or Mn+2), the matter required for ATP 
playback, phosphoric-acid ion, and organic solvent of bivalence. It depends for various concentration or 
amoimts of reagin which are used for this process on many factors containing selection and the amount 
of a reaction condition (for example, temperature £ind a pH value) and the acceptor saccharide 
glycosylated. If a reaction culture medium is required, it may contain a meltable surfactant (for example, 
Triton or SDS) and an organic solvent (for example, a methanol or ethanol) again. 
[0127] 

The temperature at which the above-mentioned process is performed may be range to temperature where 
almost all the susceptibility enzyme denaturalizes from the congealing point mostly. About 0 degree C - 
about 1 10 degrees C of this temperature requirement are more than it more preferably about about 20 
degrees C - about 30 degrees C or a thermophile, 
[0128] 

the reaction mixture formed such is enough for a donor saccharide to be added by the acceptor — time 
amount maintenance is carried out. Some of products are often detected several hours after, and a 
recoverable amount is usually obtained within 24 hours. It is desirable to optimize the yield of this 
process, and the maintenance times are usually about 36 - about 240 hours. 
[0129] 

The product generated by the above-mentioned process may be used without refining. However, it is 
usually desirable to collect these products. The technique (for example, thin-layer chromatography or 
thick layer chromatography, a column chromatography, ion exchange chromatography, or membrane 
filtration) of the standard common knowledge for recovery of a glycosylation saccharide may be used. It 
is desirable more preferably membrane filtration and to use a reverse osmotic membrane or one or more 
column-chromatography techniques because of recovery so that it may argue about the reference quoted 
below the inside of this description, and in this description. For example, membrane filtration (here, this 
film has the molecular weight cut-off of about 3000 - abbreviation of 10,000) may be used in order to 
remove protein. Subsequently, nano filtration (nanofiltration) or reverse osmosis is used, and a salt is 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



1/26/2006 



msPmESLAMKtumo) 



JF,2002-530087,A [DETAILED DESCRIPTION] 



Page 30 of 47 



removed, and the product of/or a saccharide can be refined (for example, refer to the United States 
patent application 08th / No. 947,775 (October 9, 1997 application)). Although the salt of monovalence 
is penetrated depending on the film with which a nano filtration membrane is used, the salt of many ** 
and the solute of a larger non-charge than about 1 00 - 2,000dalton of abbreviation are the reverse 
osmotic membranes of the class to hold. Therefore, in a typical application, the saccharide prepared by 
the approach of this invention is held at this film, and the mixed salt is passed. 
[0130] 

The approach of this invention can generate the product of the saccharide of a request of a large 
quantity. For example, the product of a saccharide can be generated by the last concentration of about 1 
or more mMs. About 2.5 or more mMs of products of a saccharide are generated by the concentration of 
about 5 or more mMs further more preferably, and the reaction approach of this invention generates the 
product of a saccharide by the concentration of about 10 or more nMs most preferably. 
[0131] 

In another approach, each of two or more cell types in a reaction mixture used produces a different 
glycosyltransferase and corresponding nucleotidyl sugar, the combination (this each generates one 
nucleotidyl sugar or two or more nucleotidyl sugar, and one or more glycosidic linkages) of the 
recombination cell of this invention — continuing — or it is together put by that either simultaneously, 
and sugar including two or more new glycosidic linkages can be generated. Therefore, this invention 
offers the easy approach for generating the oligosaccharide which has two or more association or a 
polysaccharide, and the polymer structure of relation. 
[0132] 

an organism — setting — a natural path — minding — or it is generated by either by the incorporated cycle 
enzyme — Production and possible production of a sugar nucleotide, a nucleotide, or PAPS It activates 
using the original metabolic fate of an organism, and may activate by adding the enzyme of the addition 
which can generate high energy intermediate products (for example, PEP, the acetyl phosphate, ATP, 
creatine phosphate, etc.), or can generate the same intermediate product. Therefore, the energy for 
playback is offered with molecules, such as monosaccharides (for example, a glucose, a fi"uctose, a 
maltose, a sucrose, etc.), poly phosphate, a pyruvate, alcohol, a fat or a fatty acid, and amino acid. A 
glucosyltransferase cycle is indicated by 04790 U.S. Pat. No. 5,876,980, 5,728,554, 5,922,577, and the 
96th/of aPCT patent. 
[0133] 

In some operation gestalten, a reaction mixture contains the recombination cell of two or more molds. 
For example, the organism which generates nucleotide triphosphoric acid required for a cycle reaction 
be joined to the organism containing all the remaining cycle enzymes required in order to generate the 
glycosidic linkage of the object (for example, refer to drawing 8 A and 8B). Once it is united, these two 
organisms will act together, and will complete this cycle, and will generate the target nucleotidyl sugar. 
The example of instantiation-includes the combination of the bacteria (for example, Corynebacterium) 
and E.coli stock (this contains one or more plasmids which carry out the code of the remaining enzymes 
of a GlcNAc cycle) which produce UTP (table 1). In drawing 9 A, a Corynebacterium stock generates 
UDP to UTP automatically, after a glycosyltransferase reaction, UDP emitted by the reaction in E.coli is 
returned to this Corynebacterium, and UTP is reproduced here. Two organisms are penetrated and an 
end product [ in / a glucose, an orotic acid, GlcNAc, and the start reagent of a lactose are added, and / 
this example ] is LNT-2. In drawing 9 B, Corynebacterium does not generate sufficient CPT, therefore a 
CPT synthetase gene is introduced into the cell which carries out the catalyst of the formation of CPT. 
CPT is diffused into an E.coli cell and the catalyst domain of a 3'-sialyltransferase is combined with the 
catalyst domain of CMP sialic-acid synthetase in this fusion protein including the exogenous gene to 
which an E.coli cell carries out the code of the fusion protein. The gene which carries out the code of 
Glu epimerase and the NeuAc aldolase also exists in E.coli. It may be used, in order that yeast (for 
example, baker's yeast) may also use a glucose, phosphate, and CMP as a reagent and may reproduce 
CPT from CMP. 
[0134] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 1/26/2006 



JF,2002-530087,A [DETAILED DESCRIPTION] 



Page 31 of 47 



(C. A recombination cell and application of a reaction mixture) 

The recombination cell, reaction mixture, and approach of this invention are useful although the product 
of the extensive saccharide which has many applications is compounded. The glycolipid containing 
disaccharide, an oligosaccharide, a polysaccharide, lipopolysaccharide, a glycoprotein, glycopeptide, 
and ganglioside is mentioned to the product which may be generated using this approach. The glycosidic 
linkage of arbitration may be produced using this approach. Although addition of the uronic acid 
gestalten (for example, glucuronic acid, a galacturonic acid, etc.) of fucose, a sialic acid, a galactose, 
GlcNAc, GalNAc, a mannose, sugar like a glucose, and these sugar, a xylose, and a fructose is 
mentioned to such association, it is not limited to these. 
[0135] 

Although the following is mentioned to the product of the saccharide which it may be generated using 
the approach and reaction mixture of this invention, especially is interesting It is not limited to these. : 1 . 
oligosaccharide A reaction mixture and an approach extensive oligosaccharide (the CIAL lactose, a 
fucosyl lactose, and a GalNAc-lactose ~) A GlcNAc lactose, LNnT, LNT, LNT-2, fucosyl-LNnT, 
Fucosyl-LNT, sialyl-LNnT (LSTd), sialyl - LNT, GalNAc-LNnT, alpha 1, a 3-Gal-lactose, alpha 1, 3- 
Gal-N-acetyl lactosamine, a STn-antigen, Tn-antigen, T-antigen, HEPARAN, and those glycosides ~ 
containing ~ it is useful although generated. Such glycosides may include inclusion of the linker arm for 
combining with other matter etc. 
[0136] 

In some operation gestalten, a recombination cell and a reaction mixture are built for generation of the 
product of a full KOSHIRU-ized saccharide. GDP-fucose is generated and the following carbohydrate 
structures are included in the structure where the following may be obtained by the activity of the cell 
containing a suitable fucosyltransferase enzyme. : [0137] 
[Formula 2] 

(I)Fuca(l-^2) 

GaJPs (2) Gaip(1^3)[Fuca(l-^)]GlcNAcPs (3) Gaip(l-^4) [Fiica(l->3)]GlcNAcp.; (4) 
Gaip(l->4)[Fuca(l-.3)]GIc; (5) -G]cNAcP(l-^4) [Fuca(I^]GlcNAcpi^Asn; (6) 
GIcNAcP(l-.4) [Fuca(I^3)GIcNAcpi^Asn; (7)Fuca(l-^Gaip->; (8) Fuca(1^3) 
Gaips (9) GlcP(I-^3)Fucal->0.Thri-^& Fucal^0-Thr/Ser/J6&^^^^^ 

Although what is enumerated by the table 2 is mentioned as the example of the product which may be 
formed as reagin using GDP-fucose, it is not limited to these. 
[0138] 
[A table 2] 
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Galactoside may be generated again using the recombination cell and approach of this invention. For 
example, Gal under beta 1, four association, alpha 1, three association, alpha 1, four association or beta 
1, and 3 association can be added to the saccharide containing GlcNAc or Glc residue by generating 
UDP-Gal and using the recombination cell containing suitable galactosyltransferase. These 
recombination cells are penetrated, and are contacted with an acceptor saccharide, and produce 
migration of Gal to the acceptor from UDP-GAL. Such oligosaccharides that offer a synthesis method 
with efficient this invention are RAKUTO-N-neo tetrapod OSU and Galbeta(l-4)-GlcNAcbeta(l-3)- 
Galbeta(l-4)-Glc (formula I), for example, Min Yuan Chou et al. (1996) refer to J.Biol.Chem.271 
(32):19166-19173. 
[0139] 
[Formula 3] 
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This invention offers the apprpach for adding GalNAc or GlcNAc to Gal under beta 1 and 3 association 
or beta 1, and 4 association by offering the recombination cell which carries out the code of a GalNAc 
transfereise or the GlcNAc transferase, and generates activated UDP-GalNAc or UDP-GlcNAc again. 
These cells are divided, contact the acceptor part containing Gal residue, and are arranged. 
[0140] 

Especially in case the recombination cell and reaction mixture of this invention compound the product 
of the saccharide which needs two or more enzyme -phases, they are useful. In these operation gestalten, 
a recombination cell may contain two or more exogenous glycosyltransferase genes, and can generate 
both separate nucleotidyl sugar substrates. Or a reaction mixture may contain two or more kinds of 
recombination cells, and each of these recombination cells contains one or more exogenous 
glycosyltransferase genes and corresponding nucleotidyl sugar production systems. For example, the 
combination of a recombination cell type can be used and the recombination cell type of another side 
generates UDP-Gal including an exogenous galactosyltransferase gene, including an exogenous 
sialyltransferase gene and a system for one side of the recombination cell type generating a CMP-sialic 
acid. In the operation gestalt of this group, once a different cell type combines with an early reaction 
mixture or the 1st glycosyltransferase reaction approaches completion preferably, the recombination cell 
type for the 2nd glucosyltransferase reaction may be added by the reaction culture medium. By 
performing two glycosyltransferase reactions in order within a single container, total yield improves 
from the procedure in which an intermediate-field kind is isolated. Furthermore, clearance and disposal 
of an excessive solvent and a by-product decrease. 
[0141] 

For example, this invention offers the recombination cell and approach for preparing the compound 
which has the following formulas. : In the formula of NeuAcalpha(2->3) Galbeta(l->4) (Fucalphal ->3) 
GlcN(R') beta(l->3) Gal beta-OR **, R is hydrogen, a sugar machine, an oligosaccharide radical, or an 
aglycon radical that has at least one carbon atom. R' may be either acetyl or allyloxy carbonyl (Alloc). 
[0142] 

With the vocabulary "the aglycon radical which has at least one carbon atom" The thing of an A-Z 
radical is said. A here - A halogen, a thiol, hydroxy ** Oxygen, sulfur, amino, and imino **** express 
the alkylene group of 1-18 carbon atoms permuted if needed by ARUKOKISHI.; and Z hydrogen, -OH, 
-SH, and - NH2, -NHRl, -N (Rl)2, -C02H, -CO two Rl, -CONH2, -CONHRl, -CON (Rl)2, - 
CONHNH2, or -ORl — it is — here — every — Rl is the alkyl of 1-5 carbon atoms independently. 
Furthermore, R [0143] 
[Formula 4] 

(CH2)nCH(CH2)„,CH3 
CCH2)oCH3, 

It may be, and it comes out and R2 is [ it is n, m, and o=l-18 and ] the aromatic series ring permuted 
variously, the phenyl groups permuted by one or more alkoxy groups (preferably methoxy or 0(CH2) 
mCH3 (being here m= 0-18)), or those combination preferably here in;(CH2) n-R2 (here, it is n=0-18). 
[0144] 

Process included by composition of these compounds (a) compound: Process which galactosyl-izes the 
compound of formula GlcNR'beta (l->3) Gal beta-OR under existence of UDP-galactose using 
galactosyltransferase under sufficient condition to form Galbeta (l->4) GlcNR'beta (l->3) Gal beta-OR; 
(b) Process which sialyl-izes the compound which uses alpha (2 3) sialyltransferase under the condition 
in which a salicylic acid transfers to nonreducing sugar and forms the following compound:NeuAcalpha 
(2->3) Galbeta (l->4) GlcR'beta (l->3) Gal beta-OR, and is formed by (a) under existence of the CMP 
derivative of a salicylic acid by the sialyltransferase; 
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The compound formed by (c) and (b) is fomied into full KOSHIRU, and the process which offers 
NeuAcalpha(2->3) Galbeta (l->4) (Fucaiphal ->3) GlcNR'beta (l->3) Gal beta-OR is included. 
[0145] 

The recombination cell of this invention offers the effective approach for it being separate or performing 
each of these processes by either of the ******. One or more processes may be performed using the 
recombination cell of this invention. For example, a galactosyl-ized reaction is attained using an 
exogenous galactosyltransferase gene **** recombination cell, and this reaction generates UDP-Gal. A 
sialyl-izing and full KOSHIRU chemically-modified degree may be performed using the recombination 
cell which generates a suitable glycosyltransferase and donor sugar again, or may be performed using 
the approach of the conventional non-cell base. In a current desirable operation gestalt, at least two 
reaction processes are performed using the recombination cell of this invention. The nucleotidyl sugar 
composition system according to different glucosyltransferase and individual may exist in intracellular 
[ same ] or different recombination intracellular containing an exogenous glycosyltransferase gene, and 
each nucleotidyl sugar production system may be mixed [ both ]. Therefore, thereby, each of a 
recombination cell can create easily the customary reaction mixtvire for carrying out many multi-process 
glycosylation reactions by mixing and matching the member of the set of a recombination cell including 
a different glycosyltransferase and a different corresponding nucleotidyl sugar production system. 
[0146] 

Especially, in a desirable operation gestalt, R is ethyl, it carries out chemically and a galactosyl-izing 
and sialyl chemically-modified degree is performed by the fucosyl chemically-modified degree within a 
single container. 
[0147] 

What can be generated among compounds using the recombination cell of this invention, a reaction 
mixture, and an approach is sugar of the arbitration which has a salicylic acid and a salicylic-acid part. 
Compound which has salicyl galactoside (a salicyl lactoside is included) and the following formulas in 
these: NeuAcalpha(2->3) Galbeta(l->4) GlcN (R) beta-OR or NeuAcalpha(2->3) Galbeta(l->4) GlcN 
(R) beta(l->3) Gal beta-OR is mentioned. 
[0148] 

5, 6, 7, the 8-tetrahydro-2-naphth amide whose R is alkyl or one to acyl 18 carbon in these formulas; 
they are benzamide;2-naphth amide;4-amino benzamide; or 4-nitro benzamide. R is an aglycon radical 
which has hydrogen, alky Is C1-C6, a saccharide, an oligosaccharide, or at least one carbon atom. With 
the vocabulary "the aglycon radical which has at least one carbon atom" The thing of an A-Z radical is 
said. A here - A halogen, a thiol, hydroxy ** Oxygen, sulfur, amino, and imino **** express the 
alkylene group of 1-18 carbon atoms permuted if needed by ARUKOKISHT; and Z hydrogen, -OH, - 
SH, and - NH2, -NHRl, -N (Rl)2, -C02H, -CO two Rl, -CONH2, -CONHRl, -CON (Rl)2, - 
CONHNH2, or -ORl — it is ~ here ~ every — Rl is the alkyl of 1-5 carbon atoms independently. 
Furthermore, R [0149] 
[Formula 5] 

(CH2)nCH(CH2),«CH3 

I 

(CH2)oCH3, 

It may be, and it comes out and R2 is [ it is n, m, and o=l-18 and ] the aromatic series ring permuted 
variously, the phenyl groups permuted by one or more alkoxy groups (preferably methoxy or 0(CH2) 
mCH3 (being here m= 0-18)), or those combination preferably here in;(CH2) n-R2 (here, it is n=0-18). 
R may be 3-(3, 4, 5-trimethoxyphenyl) propyl again, 
[0150] 

the set of the relation of the structure included in a general formula — Gal — beta — it combines with 1 
and 3 - having — and Fuc — alpha — it is combined with 1 and 4. For example, NeuAcalpha2 which are 
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tetrasaccharide, 3Galbetal, and 3(1 Fucalpha 4) GlcNAcbetal (called Slea here) are recognized by the 
selectin receptor. Refer to Berg et al., J.Biol.Chem., and 266:14869-14872 (1991). It was shown that the 
cell by which the transformation was carried out by E-selectin cDNA combines Berg and others 
[ especially ] with the neo glycoprotein containing Slea selectively. 
[0151] 

The approach of this invention is an oligosaccharide compound (Galalphal, 3Galbetal, 4GICI5 and 4Glc 
(R) beta-O-R 1 are included here, Rl) which has general formula Galalphal and 3 Gal- again. It is CH2 
n-COX, and is W=OH, OR2, and -NHNH2, and they are R=OH or NAc. - R2 [ and ] the aglycon radical 
which has hydrogen, a saccharide, an oligosaccharide, or at least one carbon atom ~ it is ~ and n — 2-18 
— more ~ desirable ~ the integer of 2-10 — it is — it is useful although compounded. It is RAKUTO-N- 
neo tetrapod OSU (LNnT), GlcNAcbetal, 3Galbetal, 4Glc (LNT-2), a sialyl (2 alpha 3)-lactose, and the 
sialyl (2 alpha 6)-lactose that may be compoxmded among this compound according to this invention, 
[0152] 

Generally in the above, these vocabulary is used according to those standard semantics. With the 
vocabulary "alkyl" used in this description The hydrocarbon group which has 1-20 carbon atoms 
univalent [ of the saturation or partial saturation of branching or non-branching ] or divalent is meant. To 
this The low-grade alkyls (for example, methyl, ethyl, n-propyl, butyl, n-hexyl, etc.) of 1-8 carbon, 
cycloalkyl (three to 7 carbon), cycloalkyl methyl (four to 8 carbon), and arylated alkyl are mentioned. 
The vocabulary "alkoxy one" means the alkyl group (for example, ethoxy ** methoxy or n-propoxy) 
combined with the remainder of the molecule by oxygen. The vocabulary "alkylthio" means with sulfur 
the alkyl group combined with the remainder of the molecule. The vocabulary with "acyl" says the 
radical guided from an organic acid by clearance of hydroxyl. an exeimple — acetyl, a propionyl, and me 
~ oil and myristoyl are mentioned. 
[0153] 

The vocabulary "aryl" means the radical guided from aromatic hydrocarbon by clearance of one atom 
(from benzene to for example, phenyl). One aromatic hydrocarbon may have many partial saturation 
rings (for example, naphthyl). 
[0154] 

The vocabulary "alkoxy one" means the alkyl group (for example, ethoxy methoxy or n-propoxy) 

combined with the remainder of the molecule by oxygen. 

[0155] 

The vocabulary "alkylthio" means the alkyl group combined with the remainder of the molecule with 
sulfur. 

[0156] 

A "ARUKANO amide" radical has general formula-NH-CO- (CI - C6 alkyl), and even if it permutes, it 
does not need to be permuted. When permuting, the substituent is the hydroxyl typically. Especially this 
vocabulary contains two desirable structures, an acetamide, -NH-CO-CH3 and a hydroxy acetamide, and 
-NH-CO-CH2-OH. 
[0157] 

The vocabulary "a heterocyclic compound" has three or more atoms, and means the ring compound 
whose at least one of those atoms is except carbon (for example, N, O, S, Se, P, or As), A furan (for 
example, a furanose gestalt of a pentose like fucose is included), a pyran (for example, a pyranose 
gestalt of a hexose like a glucose and a galactose is included), a pyrimidine, a pudding, pyrazine, etc. are 
mentioned as the example of such a compound. 
[0158] 

(2. Glycolipid including ganglioside and the structure of relation) 

The reaction mixture and cell of this invention are useful although the glycolipid from which many 
differ is generated again. In the glycolipid in which especially interest is held, they are lactosylceramide, 
glycosyl ceramide, and GUROBO. - H, GUROBO tetrose, lipopolysaccharide, and various gestalten of 
those lipids are mentioned. For example, this lipid may be changed so that it may become RISO, 
deacetyl, a linker arm content gestalt, or O-acetyl gestalt. 
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[0159] 

In order to obtain desired ganglioside, other glycosphingolipid, or those derivatives, this invention is a 
specific format and offers the reaction mixture, cell type, and approach for adding parts for one or more 
sugar part. The approach of this invention includes the activity of the cell which discovers one or more 
recombination glycosyltransferases for compounding the Glico sphingoid (ganglioside and other GHco 
sphingoids being included). The activity of the glycosyltransferase for combining a desired carbohydrate 
with precursor branching can attain desired association with high singularity. In some operation 
gestalten, a fatty-acid part is removed from a sphingoid precursor before a glycosyltransferase reaction, 
and to use an organic solvent, in order to promote/or this reaction is wished, the enzyme and reaction 
scheme for generating much ganglioside and the structure of relation are indicated to PCT patent 
application PCT/US / 25470 transferred to the same people under simultaneous continuation - having ~ 
this - June 10, 1999 ~ the [ official report ] - it was officially armounced with the heading "En2ymatic 
synthesis of ganglioside" as WO 99/28491. 
[0160] 

The approach of this invention is useful although much ganglioside and the structure of relation are 
generated. Much target ganglioside is Oettgen, H.F. et al., and Gangliosides. and It is indicated by 
Cancer, VCH and Germany 1989, 10-15 pages, and the reference quoted there. What is found out by 
other supply sources enumerated by a brain and the following table 3 is mentioned to the ganglioside 
which leans especially an interest. 
[0161] 
[A table 3] 



Neu5Ac3Gal4GlcCer 


GM3 


GaINAc4^eu5Ac3)Gal4GIcCer 


GM2 


QaDGaINAc4(Neu5Ac3)Gal4GIcCer 


GMla 


Neu5Ac3QaI3GalNAc4GaI4GlcCer 


GMlb 


Neu5Ac8Neu5Ac3GaMGlcCer 


GD3 


GaINAc4(Ncu5Ac8Neu5Ac3)Gal4GlcCer 


GD2 


Ncu5Ac3Gal3GalNAc4(Neu5Ac3)Gal4GlcCer 


GDla 


Neii5Ac3GaI3(Neu5Ac6)GaINAc4Gal4GlcCer 


GDla 


Gal3Ga]NAc4(Neu5Ac8Neu5Ac3)GaI4GIcCcr 


GOlb 


Ncu5Ac8Neu5Ac3GaI3GalNAc4(Neu5Ac3)Gal4GlcCer 


GTla • 


Neu5Ac3Gal3Ga]NAc4(Neii5Ac8Neu5Ac3)Gal4GIcCer 


GTlb - 


Gal3GaINAc4(Neu5Ac8Nea5Ac8Neu5Ac3)Gal4GlcCer 


GTlc 


Neu5Ac8Neu5Ac3Gal3GalNAc4(Neu5Ac8Ncu5c3)Gal4GlcCcr 


GQlb 



\J ' y 7^'"-, jom\ Lxjminission on uiochenucal Nomenclature 

°^^^A?w """^ * ^V^' ^"^^ ^9: 2475-2487; Evr. /. Biochem (1998) 

257: 293-298) (wvwxhem.qrnw.ac.ulc/iupac/misc/glylp,html). 



(Glycopeptide) 

The product of a saccharide is combined with a polypeptide in some operation gestalten. Therefore, the 
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reaction mixture and cell of this invention are useful, although a glycoprotein is changed and various 
amelioration of property properties, such as a therapy -half-life and immunogenicity, is attained. For 
example, a STn-peptide, Tn-peptide, T-peptide, ST-peptide, and the joint gestalt of such structures are 
mentioned as the example of glycopeptide in which especially an interest is held. The enzyme and 
reaction of a glycoprotein useful to an alteration are indicated by the PCT patent application USs 
98/00835 (this was exhibited as WO 98/31826 on July 23, 1998). 
[0162] 

(4. Polysaccharide) 

the product of the saccharide which may be compounded using the reaction mixture and cell of this 
invention ~ for example, heparin, a heparan sulfate, chondroitin, hyaluronic acid, Delmer Than, and a 
mole cricket - a tongue, the carrageenin, alginate, an agar, guar RUGAMU, a fhictan, glucan, a 
cellulose, a chitin, and chitosan are mentioned. Each derivatization gestalt (for example, desulfurization 
oxidized-form voice, a acetylation gestalt, an anhydrous gestalt, or a derivatization gestah) of these 
products may be compounded again using the recombination cell, approach, and reaction mixture of this 
invention. 
[0163] 

In some operation gestalten, a recombination cell and a reaction mixture are used in order to compound 
a sulfation polysaccharide (a heparin sulfuric acid, a heparan sulfate, and a carrageenin sulfuric acid are 
included). Many biological processes contain sulfation biomolecule (U.S. Pat. No. 5,919,673; Varki 

(1993) Glycobiology3:97). For example, sialyl RUISU X (SLeX) which has a sulfate radical in the 6th 
place of a galactose is the ligand to L-selectin (Hemmerich(es) (1994) Biochemistry 33 :4830), and a 
sulfation Lewis a (Lea) tetrapod and 5 sugar are powerful inhibitor of E-selectin association (Yuen et al. 

(1994) J.Biol.Chem. 269:1695). Other sulfation molecules which participate in much cell functions are 
glucosaminoglycans (van Boechel et al. (1993) Angew.Chem.Int.Ed.Eng. 32:1671). Sulfation of a 
hydroxy steroid gives the hydrophilic gestalt for blowdown (Ogura et al. (1989) 
Biochem.Biophys.Res.Commun. 165:169). The heparan sulfate proteoglycan on cell surface combines 
growth factors, various enzymes, and various protease inhibitor, and adjusts living body activity. In 
order to compound a heparan sulfate and the compound of relation, a reaction mixture and an approach 
are shown in drawing 11 A - 1 ID. 

[0164] 

a) Enzymatic synthesis of a polysaccharide frame This invention offers the recombination cell, reaction 
mixture, and approach for compounding heparin, a heparin sulfviric acid, the compound of relation, and 
the polysaccharide frame of a polysaccharide without other relation. Generally such a polysaccharide 
frame consists of repeating units of two or more sugar residue. For example, generally heparin and the 
polysaccharide frame of the compoxmd of relation consist of glucuronic acid-GlcNAc repeating units. 
These repeating units use the approach of the cell base of this invention, and may be compounded in 
enzyme. These approaches have one saccharide which forms a repeating unit as a nonreduction end of 
an acceptor saccharide, and include the activity of the acceptor saccharide which ends in the part to 
which a glycosyltransferase can add one of the saccharides of a repeating unit. In the case of a heparan 
sulfate, HEPARAN and the acceptor saccharide which is the compound of relation have end glucuronic 
acid or GlcNAc residue preferably. The enzyme which participates in the biosynthesis of heparin is [ for 
example, / Salmivirta / FASEB ] (1996). It is indicated by J. 10: 1270- 1279. 
[0165] 

A repeating unit is compounded by contacting an acceptor saccharide to a reaction mixture, and this 
reaction mixture contains the microorganism or plant cell which offers the enzyme system for forming 
the nucleotidyl sugar (for example, UDP-GlcNAc to a heparan sulfate and the compound of relation) 
which can work as a sugar donor to one of the repetition saccharides. This microorganism or plant cell 
generates a recombination glycosyltransferase (for example, GlcNAc transferase) again, and this 
recombination glycosyltransferase carries out the catalyst of the transition of the sugar from nucleotidyl 
sugar to an acceptor saccharide, and generates the acceptor saccharide which ends in specific sugar 
residue. A reaction mixture contains the microorganism or plant cell which offers the enzyme system for 
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forming the nucleotidyl sugar (UDP -glucuronic acid [ as opposed to / For example, / a heparan sulfate 
and the compound of relation ]) of the 2nd repetition saccharide again, and offers the recombination 
transferase (for example, glucuronic acid transferase) to this 2nd repetition saccharide. This 2nd 
transferase carries out the catalyst of the transition of the 2nd repetition saccharide from nucleotidyl 
sugar to an acceptor saccharide, and this acceptor saccharide is here and is ended by the 1 st repetition 
saccharide. This reaction advances until the polysaccharide frame of the desired die length is 
compounded. Especially, in a desirable operation gestalt, nucleotidyl sugar is generated by the 
regenerative cycle of nucleotidyl sugar so that it may be indicated in this description. 
[0166] 

A recombination glycosyltransferase and a corresponding nucleotidyl sugar composition system may 

exist in a cell type which may exist in intracellular [ same ] or is different, respectively. 

[0167] 

b) Sulfation reaction This invention offers the approach of generating a sulfation compound (a heparin 
sulfuric acid, a heparan sulfate, and a sulfation polysaccharide like carrageenin being included) again. 
For example, the approach for compounding heparin, a heparan sulfate, and the compound of relation 
includes the process contacted to the reaction mixture containing the microorganism or plant cell which 
contains the following for a HEPARAN polysaccharide frame. : The enzyme system for forming 
aPAPS; it reaches. Recombination sulfotransferase which is b recombination sulfotransferase, carries 
out the catalyst of the transition of the sulfate from the PAPS to a HEPARAN polysaccharide frame, and 
generates N-sulfation polysaccharide. 

[0168] 

Preferably, a sulfation reaction uses the cell which can generate effectively the sulfate donor PAPS (3 
phospho adenosine -5'-phospho sulfate). PAPS can work as a sulfate donor to the sulfotransferase, and 
this sulfotransferase can carry out the catalyst of the sulfation of an oligosaccharide and a steroid. U.S. 
Pat. No. 5,919,673 indicates a PAPS regenerative cycle including the activity of some enzymes 
( drawing 10 ). The example of the reaction scheme of this invention for which a PAPS regenerative 
cycle is used is shown in drawing 1 1 A-D. This approach may be used in order to generate a sulfating 
agent [ activity / for generating sulfation sugar ], and PAPS (for example, refer to drawing 1 1 A-D). 
[0169] 

The cell which offers the enzyme of a PAPS regenerative cycle in addition to the sulfotransferase is used 
in the desirable operation gestalt of existing of this invention. The inclusion to the organism which 
generates PAPS of the gene which carries out the code of one sulfotransferase or two or more 
sulfotransferase is either by addition of a PAPS cycle playback enzyme automatically, and enables 
sulfation of an oligosaccharide or a polysaccharide. This process may be performed adding the sugar 
sulfurated to this PAPS sulfation organism, or by adding a PAPS content organism to other organisms 
which can form the glycosidic linkage of target sugar. A PAPS enzyme may be introduced by either 
which minds the plasmid which can generate the target enzyme activity by genome insertion to an 
organism. Like an example, a PAPS cycle enzyme and HEPARAN, or three sulfotransferase required 
for sulfation of heparin are added by the orgeinism, and when the polysaccharide frame by which either 
HEPARAN or heparin is not sulfurated is added by this organism under suitable conditions, it is 
sulfurated and this polysaccharide generates sulfation HEPARAN or heparin. 
[0170] 

c) Epimerization of glucuronic acid In order to generate the compound of a heparan sulfate, HEPARAN, 
and relation, the approach of this invention contacts N-sulfation polysaccharide to glucuronic acid C5- 
epimerase, and may include further the process which changes one or more glucuronic acid residue in a 
polysaccharide frame into iduronic acid. In a current desirable operation gestalt, glucuronic acid C5- 
epimerase exists in a reaction mixture, and is offered by the cell which discovers the gene which carries 
out the code of this epimerase. the nucleic acid which carries out the code of the guru clo nil C5-epimer 
of mammalian — the [ for example, / PCT application ] ~ it is indicated by SE 98/No. (opened to the 
public as WO 98/48006 on October 29, 1998) 00703. 

[0171] 
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d) O-sulfation It is O, when one or more iduronic acid residue contacts an iduronic acid content N- 
sulfation polysaccharide to one or more O-sulfotransferase, consequently finally forms a heparfin sulfate 
or the compound of relation in some operation gestalten. - It is sulfurated. Moreover, in a current 
desirable operation gestalt, O-sulfotransferase and a PAPS reversion system are offered by the 
recombination cell type which exists in a reaction mixture, suitable O-sulfotransferase — the [ for 
example, / PCT application ] - it is indicated by No. US98/22597 (opened to the public as WO9922005 
on May 6, 1999); and U.S. Pat. No. 5,834,282, 5,817,487, 5,877,713, 5,773,274, and 5,541,095. 
[0172] 

(5. Drugs and other applications) 

Subsequently, the above-mentioned compound may be used as a therapy agent as various applications, 
for example, an antigen, a diagnostic drug, and foods. Therefore, this invention offers the 
pharmacological constituent which may be used in the treatment of various conditions again. A 
pharmacological constituent consists of oligosaccharides produced according to the above-mentioned 
approach. 
[0173] 

The pharmacological constituent of this invention is suitable for the activity in various drug delivery 
systems. The suitable formula object for the activity in this invention is Remington's. Pharmaceutical 
Sciences, Mace Publishing It is found out by Company, Philadelphia, PA, and the 17th edition (1985). 
About the easy total theory of the approach attached to drug delivery, they are Langer and Science. 
Refer to 249:1527-1533 (1993). 
[0174] 

Local, taking orally, local or endermic administration is meant in prophylactic [ a 

pharmacological constituent ] and/or parenteral [ for therapeutic measures / by aerosol ], and a nasal 
cavity. Generally, a pharmacological constituent is parenteral (for example, intravenous) disaccharide 
merit ****. Therefore, this invention offers the constituent for parenteral administration which contains 
in aquosity carriers (for example, water, buffer water, a physiological saline, PBS, etc.) preferably the 
carrier which can be received, and the compound dissolved or suspended. These constituents may 
contain the adjuvants (for example, pH regulator and a buffer, a tonicity regulator, a wetting agent, a 
surfactant, etc.) which can be received on a pharmaceutical-sciences target which is needed for suitable 
physiological conditions. 
[0175] 

These constituents may be sterilized by the conventional sterilization technique, or sterilization filtration 
may be carried out. For an activity, packaging of the water solution obtained may be carried out as it is, 
or it is freeze-dried, and the freeze-dried preparation object is set by the sterilization aquosity carrier 
before administration. pH of this preparation object — typical — between 3 and 1 1 — more — desirable — 
5-9 — and it is 7-9 most preferably. 
[0176] 

In some operation gestalten, the oligosaccharide of this invention may be included in the liposome 
formed from a standard vesicle formation lipid. Various approaches which are indicated by Szoka et al., 
Ann.Rev.Biophys.Bioeng.9:467 (1980), U.S. Pat. No. 4,235,871, 4,501,728, and 4,837,028 are available 
in order to prepare liposome. Target-ization of the liposome which uses various target-ized agents (for 
example, sialyl galactoside of this invention) is common knowledge in the field concerned (for example, 
refer to U.S. Pat. No. 4,957,773 and 4,603,004). 
[0177] 

The constituent containing an oligosaccharide may be prescribed for the patient for prophylactic and/or 
therapeutic measures. In a therapy-application, the patient who has already ****(ed) the above diseases 
is medicated with a constituent in sufficient amount to prevent the disease and the symptom of the 
complication selectively, even if it recovers or is few. A suitable amount to attain this is defined as a 
"therapy-effective dosage." Although it depends for an amount effective in this application on a patient's 
weight and general condition whenever [ of that disease ] critical and, about a 70kg patient, from about 
0.5mg per day, it is the range of about 40g oligosaccharide, and, more generally the dosage of about 
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5mg - about 20g [ per day ] compound is used. 
[0178] 

Two or more administration of the single of this constituent may be carried out by the dosage level and 
the pattern which are chosen by the medical practitioner who takes a measure. Anyway, a 
pharmacological formula object must offer the amount of the oligosaccharide of sufficient this invention 
to deal with the patient effectively. 
[0179] 

An oligosaccharide can find out the application as a diagnostic drug again. For example, a labeled 
compound may be used in order to position the field of the inflammation in a patient with the misgiving 
of inflammation, or neoplasm metastasis. About this application, this compoimd may be labeled with a 
suitable radioisotope (for example, 1251, 14C, or titanium). 
[0180] 

The oligosaccharide of this invention may be used as immunogen for generating a reactant monoclonal 
antibody or a reactant polyclonal antibody specifically with the compound of this invention. The 
technique of many with this available contractor may be used by this invention for generation of various 
immunoglobulin molecules, and actuation. An antibody may be generated by well-known various means 
in the field concemed. 
[0181] 

Generation of nonhuman monoclonal antibodies (for example, a mouse, a rabbit, a horse, etc.) is 
common knowledge, and may be attained by, for example, immunizing the animal by the preparation 
object containing the oligosaccharide of this invention. Immortalization of the antibody forming cell 
obtained from the immunized animal is carried out, it is screened, or is first screened about production 
of a desired antibody, and, subsequently is immortality-ized. About the argument on the general 
procedure of monoclonal antibody production, they are Harlow and Lane, Antibodies, and A. 
Laboratory Manual, Cold Spring Harbor Refer to Publications and N.Y. (1988). 
[0182] 

The following examples are only offered for the object of instantiation, and it is meant that neither a 
limit nor a convention carries out this invention. 
[0183] 
(Example 1) 

(Manifestation of CMP-sialic-acid synthetase / alpha 2, and 3 sialyltransferase fusion protein) 

This example discovers CMP-sialic-acid synthetase / alpha 2, and 3 sialyltransferase fosion protein, and 

indicates the activity of the single cell type which produces a 3'-sialyl lactose comparatively cheaply. 

This approach is roughly shown in drawing 1. 

[0184] 

(A. A cell carries out the superfluous manifestation of the CMP-sialic acid) 

The transformation was carried out to the plasmid DNA containing the gene which carries out the code 
of IPTG induction CMP -NAN synthetase / alpha 2, and the 3 sialyltransferase fusion protein for the 
stock (nanA neuS::TN10 variation) of E.coli (Ev240) which carried out genetic manipulation so that a 
CMP-sialic acid (CMP -NAN) might be produced. It increased to OD600 of 2-3, and the culture medium 
of IL in LB culture medium was moved to 20 degrees C, and was guided by IPTG for 16 hours. These 
culture medium was collected and centrifugal separation recovered the cell pellet. Subsequently, 
:250mM which mixed the 7g cell pellet with the following transparency-ized processing solutions, and 
started the reaction A galactose, 250mM A fmctose, lOmM A lactose, lOOmM KH2P04, 20mM 
MgS04.7H20 (pH7.0) and 1% Xylene. 
[0185] 

It acted as the monitor of the generation of a 3*-sialyl lactose by TLC and HPLC. 43 hours after, when 
the reaction mixture was measured by TLC(it visualizes by silica and isopropanol:NH40H:H20 (7:1:2) 
and OSHINORU);Rf=0.8, and HPLC(BioRad Aminex column HPX- 87 four in H and H20 sulfuric 
acid of mM);Rt= 6.3 minutes, it generated the product of 2.2 mg/mL. 
[0186] 
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(B. Reaction mixture supplemented with a sialic acid and CPT) 

In this example, the effectiveness of a transparency-ized solution (as for this, the sialic acid of lOmM(s) 
and CPT of lOmM(s) are added) over the reaction of an example 1 is examined. About the cell culture 
liquid indicated in the example 1, it is 250mM. A galactose, 250mM A fructose, lOmM A lactose, 
lOOmM KH2P04, 20mM MgS04.7H20, pH7.0, 1% It mixes with the transparency-ized solution (as for 
this, a lOmM sialic acid and lOmM(s) CPT are filled up) of a xylene. MONITASU [ a reaction / with 
TLC and HPLC ] so that it may be indicated by the example 1 . By adding an additional sialic acid and 
CPT to a reaction mixture, in a recombination E.coli cell, CMP-NAN of high level arises rather than 
available, therefore the 3'-sialyl lactose product of higher level is led. 
[0187] 

(C. Activity of the E.coli cell which does not carry out superfluous production of the CMP-sialic acid) 
In this example, CMP-sialic-acid synthetase / alpha 2, and 3 sialyltransferase fusion protein are 
discovered in the E.coli stock which does not carry out superfluous production of the CMP-sialic acid. 
[0188] 

AD202 which discovered fusion protein including the catalyst domain of 2 and 3 -sialyltransferase and 
CMP sialic-acid synthetase The culture medium of lOOmL(s) of E.coli was proliferated with the shaker 
in 37 degrees C and 200rpm. The manifestation of fusion protein will be guided using IPTG, shortly 
after this culture medium reaches OD600 equal to 0.85. This culture medium was incubated at 30 
degrees C ovemight. About 2.0g bacterial cell pastes were collected from this culture medium. 
[0189] 

O.IM It heated until it prepared and boiled the solution containing HEPES (pH7.5), and 1% of xylene 
was added after that. lOmM after cooling this solution to about 37 degrees C A lactose, lOmM CPT and 
lOmM(s) The sialic acid was added. Subsequently, this solution was thoroughly mixed with the 2.0g 
bacterial cell paste, and it incubated at 37 degrees C with the shaker by ISOrpm ovemight. 
[0190] 

It acted as the monitor of the amount of the CIAL lactose formed of this reaction by thin-layer 

chromatography (TLC) and HPLC. 44 hours after, when determined by TLC (silica; 

isopropanol /NH40H/H20 (7/1/2), and orcinol visualization, Rf^ 0.8) and HPLC (BioRad Aminex 

column HPX- 87 4 in H and H20 the sulfuric acid of mM, Rt= 6.3 minutes), all the lactoses were 

consumed and the concentration of the remaining 3'-sialyl lactose was 7.04mM (70% of yield). 

[0191] 

(Example 2) 

This example indicates the approach for compounding the sialyl-ized saccharide for which two sorts of 
organisms are used. One rough display of these approaches is shown in drawing 9 B. It is the same as 
that of that a reaction mixture is indicated to be by the example 1 except for CPT being produced with 
yeast or an organism like Corynebacterium. 
[0192] 

The transformation of the stock (EV240) (nanA neuS::TnlO variation) of E.coli by which genetic 
manipulation was carried out so that the superfluous manifestation of the CMP-NAN might be carried 
out is carried out by the plasmid DNA which carries out the code of IPTG induction CMP-sialic-acid 
synthetase / alpha 2, and the 3 -sialyltransferase fusion protein. It guides so that the culture medium of 
these bacteria may be increased and fusion protein may be produced. It is 1% in order to start a reaction. 
A xylene, 250mM A glucose, 250mM A fructose, 25mM A lactose, 20mM MgS04.7H20 (pH7.0), 
lOOmM KH2P04 (pH7), lOmM A cell pellet is added in the solution containing CMP of a sialic acid 
and the amount of catalysts. This solution is 20% (w/v) again. Baker's yeast is contained. Yeast is used 
in order to produce and reproduce the nucleotide CPT used in a sialic-acid cycle (in order that a fructose, 
a glucose, and CMP may produce this CPT, used with yeast). E. The CMP-NAN synthetase catalyst 
domain of the fusion protein discovered by coli produces CPT and NAN to CMP-NAN, and, 
subsequently a sialyltransferase catalyst domain reproduces 3' sialyl lactose. 
[0193] 

This reaction will be refined by a standard procedure and a standard technique, if it acts as a monitor and 
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completes so that it may be indicated by the example 1 . 
[0194] 

The organism (for example, Corynebacterium) of the arbitration which carries out the superfluous 
manifestation of the UTP, and discovers a CMP-synthetase gene, and the organism of the arbitration 
which produces CPT similarly may be used in this approach. It may be used in order that the yeast 
which exogenous myokinase may be added by the reaction mixture or discovers myokinase may help to 
carry out the catalyst of the generation of CPT. 
[0195] 
(Example 3) 

This example indicates the activity of the cell polymorphism containing the exogenous gene which 
carries out the code of the enzyme which participates in composition of a CMP sialic acid from GlcNAc. 
Refer to drawing 9 B. 
[0196] 

The culture medium of the E.coli stock JM 101 which discovers alpha 2, 3-sialyltransferase / CMP 
sialic-acid synthetase fusion protein, GlcNAc2*-epimerase, and sialic-acid aldolase is increased, and it 
guides so that these enzymes may be discovered. Cell pastes are collected and it adds in the solution 
which includes this cell paste for GlcNAc, a pyruvate, a lactose, CPT, the buffer solution, and other 
reagents in order to start this reaction. 
[0197] 

It acts as the monitor of the formation of a 3 '-sialyl lactose which is the product of this reaction by TLC 
or HPLC, and when this reaction is completed, a 3'-sialyl lactose is isolated in a standard technique and 
a standard procedure. 
[0198] 

Instead of added CPT, yeast or Corynebacterium (the gene for CPT synthetase is discovered) may be 
used in order to produce and reproduce CPT used at the same reaction as what is indicated by the 
example 2. 
[0199] 
(Example 4) 

In this example, the E.coli stock which discovers only 3-sialyltransferase / alpha 2 and CMP sialic-acid 

synthetase fusion protein is used with the baker's yeast which produces CPT. 

[0200] 

It guides so that the culture medium of AD202 bacteria which discovers 3-sialyltransferase / alpha 2 and 
CMP sialic-acid synthetase fusion protein may be increased and this fusion protein may be discovered. 
Cell pastes are collected and they are 250mM(s), A glucose, 250mM A fructose, 25mM A lactose, 
20mM MgS04.7H20 (pH 7.0), lOOmM KH2P04 (pH 7), lOmM A sialic acid, 1% A xylene, 5mM It 
adds in the solution containing CMP and 20% (w/v) baker's yeast, and a reaction is started. It acts as the 
monitor of this reaction by TLC and HPLC, and generation of a product is pursued. Completion of a 
reaction refines the product in a standard technique and a standard procedure. 
[0201] 
(Example 5) 

In this example, the E.coli stock EV5 which is a stock which carries out superfluous production of the 
sialic acid is used. E. Carry out the transformation of the coli stock by the plasmid which carries out the 
code of a sialyltransferase / the CMP-sialic-acid synthetase fusion protein. Once it increases this culture 
medium and a plasmid product is discovered, these cells are collected and it is 250mM. A galactose, 
250mM A fructose, lOmM A lactose, lOOmM KH2P04, lOmM CPT, 1% xylene, and 20mM(s) The 
solution containing MgS04.7H20 (pH 7.0) is added, and this reaction is started. It acts as the monitor of 
the generation of a 3 '-sialyl lactose so that it may be indicated by the example 1, and a well-known 
procedure and a well-known protocol refine it to this contractor. 
[0202] 

Instead of CPT added, yeast or Corynebacterium (the gene for CPT-synthetase is discovered) is set for 
the same reaction of a format as a thing indicated by the example 2, and it can be used in order to 
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produce and reproduce CPT, 

[0203] 

(Example 6) 

The reaction in this example produces a nucleotide and nucleotidyl sugar, and uses the single organism 
which carries out the catalyst of the transition to the acceptor saccharide of a saccharide. It guides so that 
the culture medium of Corynebacterium which discovers alpha 2, 3-sialyltransferase / CMP sialic-acid 
synthetase fusion protein, and CPT-synthetase may be increased and these enzymes may be discovered. 
Subsequently, cell pastes are collected and it adds in the solution containing a lactose, a galactose, an 
orotic acid, a sialic acid, the buffer solution, and other reagents. If it acts as the monitor of the formation 
of the 3 '-sialyl lactone which is the product of a reaction by TLC or HPLC and completes, it will isolate 
with a standard technique and a standard procedure. 
[0204] 
(Example 7) 

This example indicates Galalphal of trisaccharide, and the activity of the organism which discovers an 
enzyme required to produce beta 1 and 4-GlcNAc 3 Gal. This organism contains the exogenous gene 
which carries out the code of the enzyme of a galactosyltransferase cycle. Refer to drawing 9 A. 
[0205] 

The culture medium of Corynebacterium which discovers UDP glucose pyrophosphorylase, UDP- 
glucose-4'-epimerase, beta 1, 4-galactosyltransf erase and alpha 1, and 3 -galactosyltransferase is 
increased, and it guides so that these enzymes may be discovered. Subsequently, in order to start a 
reaction, the solution containing GlcNAc, an orotic acid, the buffer solution, and other reagents is added 
to this cell paste. If it acts as the monitor of the formation of Galalphal -3Galbetal-4GlcNAc of 
trisaccharide which is a product by TLC and HPLC and completes, this product will be isolated with a 
standard technique. 
[0206] 

The example and operation gestalt which are indicated in this description are only for the object of 
instantiation, various alterations or modification in consideration of these are proposed by this 
contractor, and being contained in the pneuma of this description and an attached claim and within the 
limits is understood. All the periodicals quoted in this description, a patent, and patent application are 
used as reference in this description for all the objects. 
[Brief Description of the Drawings] 
[Drawing 1 A] 

In addition to being used in order that corresponding nucleotidyl sugar may produce the product of a 
saccharide, drawing 1 A shows the example of the cell which discovers a single exogenous 
glycosyltransferase gene (in this example, a 3 and 6'-sialyl lactose is produced, respectively). The 
E.coli cell shown in drawing 1 A is a specific stock which exists a CMP-sialic acid (CMP-SA) naturally, 
including the exogenous gene which carries out the code of the 3'-sialyltransferase. 
[Drawing 1 B] 

In addition to being used in order that corresponding nucleotidyl sugar may produce the product of a 
saccharide, drawing 1 B shows the example of the cell which discovers a single exogenous 
glycosyltransferase gene (in this example, a 3 and 6*-sialyl lactose is produced, respectively). In 
drawing 1 B, since this stock does not produce the CMP-sialic acid of an amount naturally enough, 
including an exogenous 6 -sialyltransferase gene, as for an E.coli cell, this kind also contains an 
exogenous CMP-sialic-acid synthetase gene. A desired sialyl lactose is compounded in addition of the 
lactose to a manifestation and reaction mixture of these enzymes, and a reaction substrate required for 
others. 
[Draw ing 2] 

Drawing 2 shows the example of the scheme of the enzymatic synthesis based on a cell of producing 
nucleotidyl sugar with a various glycosyltransferase manifestation cell. Since two or more nucleotidyl 
sugar is produced by the cell, a cell may be designed so that two or more exogenous glycosyltransferases 
may be discovered. Therefore, a product [ need / two or more glycosides / to be connected ] may be 
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compounded using a single living thing. In this specific example, the GlcNAc transferase and 
galactosyltransferase which are the exogenous gene which carries out the code of the two different 
glycosyltransferases are introduced into E.coli which exists naturally in UDP-GlcNAc and UDP-Gal 
which are each nucleotidyl sugar donor about these two enzymes. In the manifestation of these two 
glycosyltransferases, the reactant as which an acceptor saccharide and others are required is added by 
the cell, in order to produce the product of a saccharide, and RAKUTO-N-neo tetrapod OSU 
(neotetraose) (LNnT). 
[Drawing 3] 

Drawin g 3 illustrates an N-acetyl-guru KOSAMIDO transferase cycle which is indicated by U.S. Pat. 
No. 5,922,577. 
[Drawing 4] 

Drawin g 4 shows a UDP-galactose cycle. 
[Drawing 51 

Dra win g 5 shows a GDP-fucose cycle. 

[Draw ing 6] 

Drawing 6 shows an UDP-GlcNAc cycle. 
[Drawing 7] 

Drawing ! shows a CMP-sialic-acid cycle. 
[Drawing 8 A] 

Drawing 8 A shows the example of approach in case a glycosyltransferase manifestation cell does not 
produce the nucleotidyl sugar or the nucleotide to which an amount corresponds enough. This is 
conquered by introducing into intracellular the gene which carries out the code of some the enzyme or 
all the enzymes of a sugar nucleotide regenerative cycle, beta to which the code of the specific enzyme 
shown is carried out by the exogenous gene — 1 and 4 Production of GalNAc-beta 1 and 4-lactose using 
the E.coli cell which discovers a GalNAc transferase is included. E. Since a coli cell does not produce 
the UDP-GalNAc nucleotidyl sugar donor or UTP of an amount enough, in addition to a GalNAc 
transferase gene, the enzyme (shown in drawing 3 ) about a UDP-GlcNAc cycle is introduced into 
intracellular. In drawing 8 A, as for the system of the UDP-GlcNAc production in an E.coli cell, UDP- 
GalNAc epimerase, UDP-GlcNAc pyrophosphorylase, a GlcNAc- 1 -kinase, a poly phosphoric acid 
kinase, and a pyruvate kinase are mentioned. 
[Drawing 8 B] 

Drawing 8 B shows the example of approach in case a glycosyltransferase manifestation cell does not 
produce the nucleotidyl sugar or the nucleotide to which an amoimt corresponds enough. This is 
conquered by introducing into intracellular the gene which carries out the code of some the enzyme or 
all the enzymes of a sugar nucleotide regenerative cycle, beta to which the code of the specific enzyme 
shown is carried out by the exogenous gene - 1 and 4 Production of GalNAc-beta 1 and 4-lactose using 
the E.coli cell which discovers a GalNAc transferase is included. E. Since a coH cell does not produce 
the UDP-GalNAc nucleotidyl sugar donor or UTP of an amount enough, in addition to a GalNAc 
transferase gene, the enzyme (shown in drawing 3 ) about a UDP-GlcNAc cycle is introduced into 
intracellular. Drawing 8 B shows the activity of the path of the ahemative for the biosynthesis of UDP- 
GalNAc, and, as for this, enzyme UDP-GalNAc pyrophosphorylase, a GalNAc- 1 -kinase, a 
polyphosphoric acid kinase, and a pyruvate kinase are mentioned. The gene which carries out the code 
of each of these enzymes is introduced into E.coli intracellular with the gene to a GalNAc transferase. 
These enzymes are discovered after a reaction substrate (the lactose as an acceptor is included) is added. 
[Drawing 9 A] 

Drawing 9 A shows the scheme of the example in the case of being used in order that the living thing of 
two molds may produce nucleotidyl sugar. In each case, one cell type (Corynebacterium) produces a 
nucleotide, and other cell types carry out the catalyst of the addition to the nucleotide of sugar, and form 
nucleotidyl sugar. The second cell type discovers a corresponding glycosyltransferase again, and the 
code of this is carried out by the exogenous gene. In drawing 9 A, desired reaction products are alpha- 1 
and 3-Gal-LacNAc. This reaction mixture contains naturally Corynebacterium or yeast which 
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compounds UDP to UTP. With the second cell type, UTP is activated, UDP-galactose is formed, and 
this contains the exogenous gene which carries out the code of the enzyme (namely, UDP-Gal 4' 
epimerase, UDP-Glc pyrophosphorylase, hexokinase, and phosphoglucomutase) with which a GlcNAc 
cycle remains. The exogenous gene which carries out the code of alpha 1 and the 3 -Gal transferase also 
exists in the second cell type. UTP produced with Corynebacterium or yeast invades into an E.coli cell, 
and is changed into UDP-Gal by the cycle enzyme, and, subsequently to the inside of a reaction mixture, 
works as a donor about the galactosyltransferase medium shift to the LacNAc acceptor which exists 
again. This reaction emits UDP reused by passing along Corynebacterium or yeast, and phosphorylation 
of it is carried out and it is set to UTP here. 
[Drawing 9 B] 

Drawing 9 B shows the scheme of the example in the case of being used in order that the living thing of 
2 molds may produce nucleotidyl sugar. In each case, one cell type (Corynebacterium) produces a 
nucleotide, and other cell types carry out the catalyst of the addition to the nucleotide of sugar, and form 
nucleotidyl sugar. The second cell type discovers a corresponding glycosyltransferase again, and the 
code of this is carried out by the exogenous gene. The scheme shown in drawing 9 B is useful in order to 
produce a 3 '-sialyl lactose. Corynebacterium or yeast is again used, in order to produce the nucleotide 
which needs nucleotidyl sugar with the cell designed so that CPT might be produced by installation of 
the exogenous gene which carries out the code of the CMP synthetase. E. : which discovers the enzyme 
with which a coli cell is contained in CMP-sialic-acid composition from CPT ~ CMP-sialic-acid 
synthetase is discovered as fusion protein with a 3'-sialyltransferase in this case. A GlcNAc epimerase 
enzyme and a NeuAc aldolase enzyme are also produced. This path changes CPT into a CMP-sialic 
acid, and, subsequently commits this path as a donor about the shift to the lactose acceptor part of a 
sialic acid. 
[ Draw ing 1 0 ] 

Drawin g 10 shows the graph of the enzyme-cycle about production of PAPS which works as a donor 
about the sulfotransferase. This drawing is the U.S. Pat. No. 5,919,673 origin, and this offers detailed 
explanation of a PAPS cycle. Simply, a PAPS cycle offers a single pot reaction system in case the 
adenosine content part (AMP, ADP, ATP, APS, PAPS, and PAP) by which phosphorylation was carried 
out is reused, although the sulfotransferase carries out the catalyst of the shift to an acceptor part from 
PAPS of a sulfate radical. In drawing, "PEP" makes reference in a phospho enol pyruvate, and "Pyr" 
makes reference in a pyruvate. 
[Drawing 1 1 A] 

Drawing 1 1 A illustrates the example of the reaction scheme which uses the cell designed so that the 
enzyme of the reversion system about the activity sulfate-ized agent PAPS may be discovered. When 
used combining the sulfotransferase, these cells can produce sulfate-ized sugar. The specific example 
shown includes the activity of the tobacco cell for production of heparin or HEPARAN. The tobacco 
cell for large-scale composition which does not produce PAPS of an amount naturally enough is 
designed so that a PAPS cycle enzyme gene and a 3'-sulfotransferase gene, a 6 sulfotransferase gene 
and 2'-sulfotransferase gene, an IZURO nil epimerase gene, and an IZURONIRU-N-sulfotransferase 
gene may be included. In drawing 1 1 A, refined K5 polysaccharide is used as an acceptor and the 
product acquired is a heparin sulfuric acid. 
[Drawing 11 B] 

Drawing 1 1 B illustrates the example of the reaction scheme which uses the cell designed so that the 
enzyme of the reversion system about the activity sulfate-ized agent PAPS may be discovered. When 
used combining the sulfotransferase, these cells can produce sulfate-ized sugar. The specific example 
shown includes the activity of the tobacco cell for production of heparin or HEPARAN. The tobacco 
cell for large-scale composition which does not produce PAPS of an amount naturally enough is 
designed so that a PAPS cycle enzyme gene and a 3 '-sulfotransferase gene, a 6 sulfotransferase gene 
and 2 -sulfotransferase gene, an IZURO nil epimerase gene, and an IZURONIRU-N-sulfotransferase 
gene may be included. Drawing 1 1 B is deformation of this scheme accompanied by K5 polysaccharide 
produced by the second cell type contained in a reaction mixture rather than it is provided as a isolation 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



1/26/2006 



THfS PAGE QUm mm) 



JR,2002-530087,A [DETAILED DESCRIPTION] 



Page 46 of 47 



mold. 

[Drawing 1 1 C] 

Drawing 11 C illustrates the example of the reaction scheme which uses the cell designed so that the 
enzyme of the reversion system about the activity sulfate-ized drugs PAPS may be discovered. When 
used combining the sulfotransferase, these cells can produce sulfate-ized sugar. The specific example 
shown includes the activity of the tobacco cell for production of heparin or HEPARAN. The tobacco 
cell for large-scale composition which does not produce PAPS of an amoxmt naturally enough is 
designed so that a PAPS cycle enzyme gene and a 3'-sulfotransferase gene, a 6 sulfotransferase gene 
and 2'-sulfotransferase gene, an IZURO nil epimerase gene, and an IZURONIRU-N-sulfotransferase 
gene may be included. Drawing 1 1 C shows another deformation in case a heparin core polysaccharide 
is produced by the yeast cell or bacterial cell which produces UDP-GlcNAc which works as donor sugar 
about beta 1, a 4-GlcNAc transferase, beta 1, exogenous 4-glucuronyl transferase, and an exogenous 
UDP-Glc dehydrogenase, and UDP-Glc. Subsequently, the obtained heparin core polysaccharide which 
is produced by a yeast cell or the bacterial cell is simultaneous, or continuously, is that either and is 
added by the cell which produces PAPS. 
[Drawing 1 1 D] 

Drawing 1 1 D illustrates the example of the reaction scheme which uses the cell designed so that the 
enzyme of the reversion system about the activity sulfate-ized drugs PAPS may be discovered. When 
used combining the sulfotransferase, these cells can produce sulfate-ized sugar. The specific example 
shown includes the activity of the tobacco cell for production of heparin or HEPARAN. The tobacco 
cell for large-scale composition which does not produce PAPS of an amount naturally enough is 
designed so that a PAPS cycle enzyme gene and a 3'-sulfotransferase gene, a 6 sulfotransferase gene 
and 2'-sulfotransferase gene, an IZURO nil epimerase gene, and an IZURONIRU-N-sulfotransferase 
gene may be included. Drawing 1 1 D shows still more nearly another deformation of this scheme about 
heparan sulfate production. Aspergillus which discovers a PAPS cycle enzyme nigar does not produce 
ATP of an amount, or PAPS cycle drugs enough. In order to produce sufficient ATP, the third cell type 
(for example, yeast) is contained in a reaction mixture. 
[DrawingJ2] 

Drawing 12 illustrates the example of a reaction system based on the cell about the enzymatic synthesis 
of three processes of the ganglioside GM2 (GalNAcbeta4(Neu5Acalpha3) Galbeta4GlcCer) from a 
RISO-glueosylceramide acceptor or a lactosylceramide acceptor, this reaction - galactosyl-izing of an 
acceptor ~ addition to the galactose of GalNAc residue is included succeedingly. Finally, a sialic acid is 
added. In the illustrated reaction scheme, the cell which exists UDP-GalNAc and UDP-Gal naturally is 
designed so that beta 1 of the exogenous gene origin, a 4-GalNAc transferase and beta 1, and 4Gal 
transferase may be discovered. These cells are introduced into a reaction mixture with the second cell 
type (for example, Corynebacterium or yeast) containing the exogenous gene which produces CPT 
naturally and carries out the code of the required enzyme about composition of a CMP-sialic acid. As for 
the exogenous gene about CMP-sialic-acid composition, CMP-siaUc-acid synthetase, GlcNAc 
epimerase, NeuAc aldolase, and CMP- synthetase are mentioned. The second cell type also discovers 
alpha 2 and 3-sialyltransferase in which a code is carried out by the exogenous gene. 
[Drawing 13] 

Drawin g 13 shows one example of the scheme of the reaction of the cell base about the enzymatic 
synthesis of ganglioside GD2 (GalNAcbeta4(Neu5Acalpha8Neu5Acalpha3)-Galbeta4GlcCer). This 
process includes four enzyme-reaction processes which produce GD2 from a RISO-GURUGO sill 
ceramide acceptor or a lactosylceramide acceptor. As shown in drawing 12 , two cell types are used, and 
one produces exogenous alpha2 and 3-sialyltransferase and exogenous alpha2, 8-sialyltransferase, and a 
sugar nucleotide CMP-sialic acid, and another cell type contains the exogenous gene which carries out 
the code of beta 1, a 4-GalNAc transferase and beta 1, and the 4-Gal transferase. This cell type exists 
each nucleotidyl sugar donor about these two glycosyltransferases, UDP-GalNAc, and UDP-Gal 
naturally. GD2 is produced by each continuous reaction of four enzymes on the occasion of addition of 
an acceptor molecule and other required reaction substrates. 
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[Drawin g 14] 

Drawing 14 shows the example of the scheme of the reaction of the cell base about composition of 3'- 
sialyl-LNnT (LSTd). Two cell types are used. E.coli which is the first cell type in this example exists 
nucleotidyl sugar UDP-GlcNAc and UDP-Gal naturally. The exogenous gene which carries out the code 
of beta 1, a 3-GalNAc transferase and beta 1, and the 4-Gal transferase is introduced into intracellular. 
The second cell type produces the CMP-sialic acid which is the sugar donor demanded again including 
the gene of the outpatient department student who does the code of alpha 2 and the 3-sialyltransferase. 
Introducing both cell types into a reaction mixture with the reactant of the lactose as an acceptor and 
others of which it is required produces production of LSTd. 
[Drawing 1 5 A] 

Drawing 1 5 A shows the example of the scheme of the reaction of the cell base for producing the 
product of Galalphal and the saccharide which stops in beta 1 and a 4GlcN Ac-part 3 Gal. In drawing 15 
A, the cell which exists UDP-galactose naturally is changed so that the exogenous gene which carries 
out the code of alpha 1, 3-galactosyltransferase and beta 1, and the 4-galactosyltransferase may be 
discovered. On the occasion of addition of acceptor sugar GlcNAc-R, first, two galactosyltransferases 
commit beta 1 and 4-connection galactose so that alpha 1 and 3-connection termination galactose may 
subsequently be added one by one. 
[Drawing 1 5 B] 

Drawing 1 5 B shows the example of the scheme of the reaction of the cell base for producing the 
product of Galalphal and the saccharide which stops in beta 1 and a 4GlcN Ac-part 3 Gal. Drawing 15 B 
shows the deformation when not producing sufficient UDP-galactose, although a cell type produces 
sufficient UTP about large-scale composition. In order to correct this situation, the gene which carries 
out the code of the enzyme (for example, UDP-Gal4'-epimerase and UDP-GlcNAc pyrophosphorylase) 
contained in UDP composition is introduced into intracellular. These enzymes carry out the catalyst of 
the conversion to UDP-Gal from reactant glucose- 1 -phosphate, and this commits them one by one as a 
sugar donor about each of two galactosyltransferases. Furthermore, two Gal residue is connected with a 
GlcNAc-R acceptor saccharide. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 

precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 1 A] 
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[Drawin g 5] 
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[Drawing 6 ] 
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[Drawing 8 A] 



E.coii 



1^ 






^1, 4-Ga 1 NAc - h^>;;^7x^— if 
UDP-Ga 1 NAcXtr;^^— fe\ UDP-' 
Ga 1 NAc tfD7^X7KU^-iijie^^3-Fu 

[Drawing 8 B] 



i3 1. 4- 
Ga 1 NAc 




31. 4-Ga 1 NAc - h^>X:7x^— If 
UDP-Ga lNActfD:f.X7j.'J^— ti, * 
G^o NAc-i-4^:^-if, 4tU U>®?+:h— tf 



/3 1. 4- 
Ga 1 NAg 



[Drawing 9 A] 



A-f^ (S^L<SS^»TS)'''£3Ta c NAc ^ ^ 

UTP ! ^ a 1, '3 -Ga I - h:^>X:7x^— fe\ 
4UDP UDP-Ga 1 4' Xlf^^^if, UDP 



Corynebacterium 
[Drawing 9 B] 
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E.00U -t^MM±Lti,\,^ 

i — 



CTP 




3 ' - -yTU)!^ 



CMP CriP-SAv->-feiS^^if0g|i^^>/tt^^. 

G 1 cNAcXtf^^-- If. NeuAcT;i/H 




C M P - i/>-feiS'— If jia^:&#tl 



[Drawi ng lOj 
fi II 



^ " llli PAP 



7 t 



V 

IIU Ull 



V 




ATP 




[Drawing 1 1 A] 
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[Drawing 1 1 B] 

p A p s ^)vum^-^^mm^ vt^u 




Prawing 1 1 C] 
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4f 






UDP-G 1 cNAc*3j;5y:UDP-G \ c^M^t^ 

f l. 4-GI cNAc h^>;^:7 3i^-if, 
£1. 4-if;i.i5'D-;uh^>7^:7:i,5_^ 

*>.fct;cuD p - G 1 c X t H ^y^-^B^^^^.r-yy^w^rm^ 

[Drawing 1 1 D] 
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ATP^jg^r-S 



A-nigar ATP=bi-4)>SSJi£feL?iVi 
1^ 



3' -X;i/JiNh^>X7ac^-if. 6' -XJP^ix 



mm r 



UDP-G 1 cNAc;feJ;tX 

; ^UDP-G 1 c^^^r-s 



A 





01, 4-G 1 cNAc h^i>;:^7x^-i^. 



[Draw in g 12] 
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UDP-GalNAc 



i3 1, 4"Ga 1 NAc h^>;^:7x^'— tf 



4. 



n 



CMP - tf $-^tr:/^>?.SH^J^AT^ 



[Drawin g 13] 



J^^l/r^-^^KH, UDP-GalNAc 



J3 1, 4~Ga 1 NAc b^>X:7a:9— If 




7< 

a 2, 
a 2, 




8 — i/T 'J ;i/ h ^ >:^:7 x^— 



[Drawing 14] 
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J^iJ'kr^-^Hti. UDP-GalNAc 



^1. 3-Ga lNAc>'5>X7x5— tf 



£.ooU 



4 




Pi- 



LSTd 



g)rawing 15 A] 



GJcNAc-R 



Hk 



7. 



1 



QaOa 1 ,3G41pl,4G]cMAc-2t 



[Drawing 15 B] 
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43j;tJCGlcNAc-R 




t 



y3^^-^\ UDP-Gal4' -Xlf>>^— tf> 
UDP-Gl c H^d^X7J^^J tijife^-^'a^ 



[Translation done.] 
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